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HISTORY AND EDUCATION 


HE instrument called history, which brings the past to wit- 

ness in forming our estimates of the future, comes vividly 

to mind when we see a graduating class go out on Wash- 
ington’s Birthday from the doors of a University in the Nation’s 
Capital. 

The fact that I do not know an educational institution of impor- 
tance which fails to give history a prominent place in its curric- 
ulum might be taken to indicate that it is not necessary to empha- 
size the significance of this subject in education. And yet, with 
due credit for the great advances made in stating the case for his- 
tory—even in institutions for higher education and research—I 
am convinced that in this field there is still open such an oppor- 
tunity for new constructive effort as can scarcely be found elsewhere 
in the possible range for application of human intellect. I believe 
that the results of historical study and research, if given their real 
values as to fact and interpretation, may still make enormous con- 
tribution toward the solution of much in our economic, social, and 
political life that seems otherwise nearly insoluble. Especially 
desirable is the development of this phase of knowledge for the edu- 
cational guidance of a people through whom the ballot has such 
an important part in determining the policy of government. 

In order to define the place of history in education, may I indi- 
cate briefly an assumed outline of a program by which the student 
is prepared for the work expected of him by the community? No 
detailed plan of education can be prepared which will serve perfectly 
for more than one person. It is only in their broader outlines that 
one is justified in considering proposals which might be used for 
any large group. 

One classification of the content of education indicates that it is 
inadequate if it does not prepare us for our particular places in 
life by giving, first, something concerning the world about us, in 
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which we live and work—the earth, the life upon it; second, an 
estimate of the real nature of human kind, with its modes of ex- 
pression and action—in other words, to know ourselves; third, 
an understanding of the normal relations existing among the indi- 
viduals in human society. Important as these three kinds of in- 
formation are, they furnish us only the status of the world at a 
given moment, whereas we are concerned with it as an operating 
machine or organism. This means that we must see, fourth, the 
movement of the entire scheme—the universe, man, and society 
through time—which introduces change, sequence, or history. 
But this is not always mere change in the sense of succession. 
There may be growth, or progress, or creative expression, which is 
a fifth element of exceptional significance. Last of all, it is neces- 
sary for each individual to know his personal relation to the world 
in the sense of opportunity and adaptability relative to the scheme 
of a complicated universe of things physical and human—moving, 
changing, growing through time. 

In all education there must be a large measure of the purely de- 
scriptive element relating to details which touch our practical 
day by day lives; but the most important functions concern prin- 
ciples and modes of operation, or laws, rather than descriptions. 
Some think that education tells us all about everything—I believe 
that it should rather tell us what everything is all about. 

In our study of the physical world it is more important to un- 
derstand the laws involved in the fundamental forces concerning 
interrelations between bodies than it is to know the form or loca- 
tion of any individual object at a given moment: gravitation, light, 
electricity, which seem applicable everywhere and bring unity into 
the world, are much more significant than the form of any rock 
or the height of any mountain at a particular time. Or, if you dis- 
cuss the shape and size of a crystal, it is the laws of chemistry and 
physics relating to the fundamental nature of matter and the 
forces involved in it to which you must look for your explanation 
of what appears rather than to mere measuring of length, breadth, 
and height, and the counting of crystal faces. 

The farther we go in the field of physical sciences the more im- 
pressive becomes the array of evidence indicating unity in opera- 
tion of the natural world. In spite of the almost intuitive expec- 
tation that one might have of differences within the vastly spread 


HISTORY AND EDUCATION 1949 


mist of stars through which the stellar universe reveals itself about 
us, the experience of the astronomer, physicist, and chemist makes 
it difficult for them to convince themselves that unity and con- 
tinuity of physical law do not extend with almost unvarying unt- 
formity to the uttermost realms we know. 

With such evidence of unity in the so-called physical universe, 
one unconsciously looks for some coordinate expression in the 
living world—and here, in the course of long-continued inspection, 
there have appeared evidences of application of another kind of 
unity of principle—expressed in the laws of growth, which have 
translated themselves into laws of progress, which mean not merely 
development of the individual but advancement through modifi- 
cation of the living world in general. 

So, inevitably, there must arise a question regarding the kind of 
approach which we should make to that great volume of material 
included in the data of history concerning human kind and its 
relation to the world about it. When we come to know man with 
thoroughness, how far shall we find that the modes of operation in 
his history have been such that we may classify them in terms of 
law? If we consider human life moving through time, shall we 
find the principle of growth—change—advance, expressing itself 
as in other living things the history of which has been subjected 
to careful scrutiny? 

History has been described as having various functions. Ac- 
cording to one view it furnishes the machinery by which we secure 
the facts or the truth concerning the past. This may be done with 
or without reference to the connectedness of the series of events. 
The significance might be large even if it concerned only the repe- 
tition of events without reference to the possibility of anything 
more than continued repetition. Perhaps the facts are not always 
necessary. It is sometimes considered immaterial whether George 
Washington did or did not cut down the cherry tree, so long as we 
are confident that he always told the truth. 

Merely stated as facts, the materials of history sometimes have 
value as illustrations by analogy. According to this view the 
history of the Greeks, the Egyptians, or the dinosaurs might give 
illustration of certain possibilities in life processes without their 
necessarily having any relation to the life of to-day. 

In general, history involves the elements of causal relation in 
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the succession of events leading to the present and preparing the 
way for the future. If we are concerned with investigation of an 
institution, such as the Constitution of the United States, it is 
essential that, with other facts, we learn the truth with reference 
to what it was intended to accomplish. So a second view of his- 
tory represents a study of connected events or sequences, giving 
us the steps leading to the present and illustrating the method of 
accumulation and organization by which our institutions have 
originated. Social development is characterized by continuing 
addition to classified knowledge. Individuals disappear, but the 
body of available information and the consciousness of society 
persist. Discovery and research contribute by bringing in new 
data; science and learning organize it; business applies it; education 
carries it on from man to man or generation to generation. Thus 
we desire to have not merely the facts but with these the method of 
their growth. 

A third view adds to analogy, to repetition, and to continuity in 
accumulation and organization, a study of the laws of growth 
through reorganization and creation of new conditions or states of 
being. This phase of history touches the evidence indicating that 
conditions are not merely changing, but are becoming different 
because of something in their nature which results in movement in 
a definite direction. In this method of approach we are concerned 
with the nature of the process of change and the laws determining 
the direction in which it moves, thus opening the way to a possible 
projection of the scheme into the future with suggestion as to what 
is yet to come. 

As commonly interpreted, history is represented by a written 
record. This will almost inevitably present the evidence with 
considerable distortion due to the personal element, but the ex- 
pression of the author’s personal bias is itself often of value. The 
larger part of historical data must necessarily consist of descrip- 
tion or narrative, to which there may be added an interpretation 
of the causes and effects. Sometimes records which are not written 
may actually convey more accurate information and with less 
chance of distortion than is true in the human description or 
opinion. 

In recent years the interpretative aspect of history has developed 
rapidly. It is due, in considerable measure, to the more intimate 
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relation of nations and peoples to each other through practically 
instantaneous communication, rapid transportation, commercial, 
economic, social, and political interdependence. This contact 
has tended to break down some of the prejudices which have func- 
tioned as barriers against advance in understanding of the world 
situation as it really exists. It has led to a recognition of the need 
for considering all of the interests in existence at a given moment 
if we are to attain anything like a satisfactory solution of any 
world problem. Through this intimacy the degree of positiveness 
with which each people has assumed its right to be called the 
chosen of God has been somewhat modified. 

This situation has led inevitably to a change in view of the past 
and future as well as of the present. Just as we must grant the 
need of accepting conditions as they are for the world as a whole 
in any given moment, so we come to understand that in considera- 
tion of all great problems—whether they concern politics, business, 
or science—the special significance of present time disappears. We 
are able to attain satisfactory interpretation only when we recog- 
nize that which is, was, and will be as a part of one connected 
series of inextricably interlocked and interrelated elements in the 
unity of human relations. 

I am afraid that we as American citizens have sometimes seemed 
scarcely cognizant of the fact that time passes and conditions shift. 
It is probably true that our democracy is more effective in the space 
sense at a given moment, as for example, relating Oregon to New 
York, than it is in the time sense, as connecting the New York of 
to-day with that of fifty years hence. 

Contrary to the commonly accepted view, what have been called 
the incidental or unwritten evidences of human activity form not 
only a very reliable record of history, but the bulk of such informa- 
tion is relatively large. The layers of ruins representing succes- _ 
sive stages of growth, climax, and destruction, such as we find in 
Jerusalem or Rome, reaching back from to-day to the remote yes- 
terdays, give us an account which not only supplements written 
statement but contributes much that is not touched upon in writ- 
ten record. So, as we proceed from modern to mediaeval and an- 
cient history, we have found it possible to study with accuracy and 
satisfaction the development of cities and civilizations from which 
there have come to us but few pages of written story. 
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The field of historical research included in archaeology covers a 
vast stretch of time extending into periods many millenniums be- 
fore the Christian era. From this we reach insensibly into the so- 
called dawn of history or prehistoric period. The existence of man 
is not limited to the present geological time. Our own history 
reaches into earlier geological ages and merges with that of the cave 
bear and the saber-tooth tiger. Man was present as a part of the 
living world in a period so remote that the range of time compassed 
by modern history is only as a pin-point compared with the long- 
extended line represented by these earlier records. Since human 
beings appeared in Europe the form of that continent has changed; 
the climate has shifted back and forth from arctic to temperate; 
and a long procession of living creatures different from those of the 
present day has passed over the earth and gone into extinction. 

The earliest portion of the history of man is found on the later 
pages of another and longer story read from the strata of the 
rocks—that magnificent series of records bearing the finger-prints 
of the Creator. They are laid one upon another in the order of 
their making, but the series is opened wide for our convenient 
inspection. This record has been called the greatest original 
document available to us from all time. There are many chapters 
of the story. A single author wrote them all. His claim to the 
authorship was established in the making of the world. The record 
lay long unread. Its value depends upon the intelligence and genu- 
ine desire for knowledge of those who approach it. In these later 
days the seeker for truth has found it a veritable treasure-house of 
information. 

The record of the rocks, from which we read the geological 
history, does not cover more than a small portion of the past of 
this planet, but the strata available, if carefully pieced together, 
would give a total thickness of something like 300,000 feet, or more 
than fifty miles. Calculated by various methods, the more con- 
servative estimates of the time which was required for accumula- 
tion of this pile are now expressed in hundreds of millions of years, 
with the tendency continually toward lengthening of the time. Ge- 
ologists who have made the most recent calculations generally 
insist on figures representing between five hundred million and one 
thousand million years. 

And yet when we reach the bottom of the pile we find that the 


HISTORY AND EDUCATION 1953 


lowest or earliest record available is not the beginning. The earth 
is so ancient that the oldest rocks have been destroyed. The great 
number of movements of the earth’s crust and intrusions of molten 
rock that have occurred in past ages have broken and ground them 
into pieces or have melted them into unrecognition. And now we 
have little hope of finding the real beginning of the story. Re- 
mains of animals and plants entombed in the strata formed in 
each stage or period represent the history of life. We may not 
learn when life appeared upon the earth, since we now know the 
oldest record to be absent. Through the hundreds of millions of 
years represented in the chapters preserved for us, the world of 
living things passes before us like a rapidly changing picture in 
which, with each successive age, the outlines approach more nearly 
to those of the present, and the continuing growth brings gradual 
increase in the complication and intelligence of the highest types. 

For more than forty years I have been reading this story from 
the original documents. I have seen a vast array of records. To 
me they are unspeakably impressive in the clear meaning of their 
account of progressive growth in the kingdom of living things. 
The rocks and hills around us assume the significance of a great 
temple, carrying in its walls a multitude of signed tablets telling 
how the building was constructed and of the way in which its in- 
habitants grew to their present estate. I always leave the contem- 
plation of this revelation with renewed conviction that the power 
which controlled the past from which we come must also guide 
the future in the making, and that the better we understand the 
manner of its working, the larger is our opportunity for the pleas- 
ure of service in the present. 

The greater part of the early history of our earth belongs to the 
field of the astronomer; and if for a moment we look upon our planet 
as a subject for examination in this field, we think of our investiga- 
tions at once in terms of that aspect of being in which the measure 
of time is translated into distance. ‘The system of sun and planets 
to which our world pertains is only a minute part of the Galaxy or 
Milky Way, a great plate-like cloud of stars. For sake of conven- 
lence, the astronomer measures space by use of the light-year— 
which is the distance light travels in a year at the rate of 186,000 
miles per second—that is, more than five million million miles per 
year. The distance across our Galaxy has been estimated as 
approximately 300,000 times such a light-year. 
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The flickering streams of light due to arrive in Washington to- 
night, February 22, 1924, from the stars in the outer regions of our 
visible universe, began their flight to the earth so many thousand 
years ago that only with difficulty can we form a conception of the 
period represented by their journey. On the day of their depar- 
ture the ancient home of our ancestors in Europe had a geography 
and a climate different from that of the present. The stars which 
appeared with the coming darkness flashed their light into the eyes 
of the cave bear and the lion, seeking their prey in a world of which 
they were masters. In the same night these twinkling lights must 
have caught the questioning eye and mind of uncouth men guard- 
ing primitive homes and defenseless broods—to which the lineage of 
philosophers and rulers of the world would later be traced. 

To me these remote stars attain full complement of service to 
whatever power they are responsible by helping with their faint 
message to give us a measure of magnitude of the rea/ world in 
which we live. They reach far through space and time to tell us 
that we are each but a speck in space and a flash in time. In the 
instant of our coming we are already gone. After all, is it not 
true that the evidence of our ability merely to know of the uni- 
verse as it is, and of our place in it, is a sufficient reward to balance 
the proof of our littleness in comparison with the vastness about us? 

So, seen from various points of view, the whole long story of 
history has developed. By the combined effort of astronomer, 
geologist, archaeologist, and student of man’s written record, we 
begin now to visualize the background in space and time through 
which our world 4as grown and is moving. We know that, regard- 
less of the philosophical view we may have concerning man’s origin 
or beginning, there is behind him an almost unthinkable stretch of 
time, through which, beset by a multitude of dangers, with widening 
wisdom and power, man found his way to subjugation of the world. 
Struggle and training have produced in him at this stage the kind of 
being whose myriad-batteried brain receives an impression of the 
form and the power of the universe and transforms it into mental 
life and action. And now, after this lapse of ages, the lamp of his- 
tory throws its faint rays along the trails on which he walked 
cautiously through the forest of dangers that time has almost 
erased from memory. And we are thankful for what the years 
in the wilderness have given. 
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Having found it necessary for the moment to touch that wider 
field of history in which science is thought by some to lay an un- 
feeling hand upon affairs concerning the relation of man to his 
Maker, perhaps I may give such assurance as my own conviction 
can carry that science does not tend to eliminate from the world of 
things, or of life, or of humanity, that overshadowing power which 
has been recognized in religion as Creator. The man of science 
sees the universe as more wonderful with each discovery. The 
stars, once known only as points in the sky moved by an invisible 
power, are not less beautiful or less wonderful by reason of our hav- 
ing attained an understanding of their chemical and physical char- 
acters, their size, distance, and the nature of their grand march 
through space. Matter, the physical basis of the universe, is not 
less awe-inspiring since we have come to see it composed of mini- 
ature universes within universes in the molecule and atom. 

No one can escape the feeling that, as knowledge advances, the 
greater world we come to know in terms of space, and time, and 
power, becomes the object of increasing reverence. Our place of 
habitation and the period of our existence shrink to relatively 
small dimensions, but the glory of our part in the plan of the 
universe increases when we see creation renewed in each succes- 
sive age, and the way open to us for that continuing growth or 
progress to which the life of each stage has made its contribution. 

So I then repeat what a poet and philosopher has written for us: 


“Let knowledge grow from more to more, 
But more of reverence in us dwell; 
That mind and soul, according well, 
May make one music, as before.” 


It is necessarily a task of extreme difficulty to make certain 
whether history gives evidence that the current of human life shows 
in itself a plan of movement like that appearing in the trend of the 
life world through the long reach of geological time. It may also 
be urged that the movement, however defined, may be so slow that 
it need not concern us as individuals. But the mere demonstrated 
fact of definite movement, or the determination of its trend, is of 
surpassing importance. Without large evidence of immediate 
effect, it can give us a source of faith in the goal of nature and of 
man. It may furnish a stimulus to make us cling to that which is 
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progressive and to hold fast those things which make for advance- 
ment. 

Nearly every people with a history sufficiently long to permit ac- 
cumulation of legend or literature has set down some form of state- 
ment concerning the manner of its own creation or coming into 
being—and just as we have always demanded knowledge of our 
origin, so we have craved to know something regarding our end or 
purpose. A wide acceptance of personal immortality has met the 
requirement for continuity of individual existence. It has not 
provided for the future of the race in the sense of organized society, 
the continuity of which is not disturbed by replacement of indi- 
viduals. 

There is nothing contributing to the support of our lives in a 
spiritual sense that seems so clearly indispensable as that which 
makes us look forward to continuing growth or improvement. 
It is dificult to believe that human life could exist without such 
expectation. Whatever concerns the basis of this belief is vital, 
not merely so far as it relates to our future in the race sense, but 
in its direct bearing upon the happiness of individuals as well. 

The value of scientific contribution in the historical sense lies in 
the evidence which it furnishes that the movement shown in nature 
through vast ages is an indication of the character of the thing 
with which we deal. Science expresses the idea of unity in nature 
and its laws, and continuity in their operation. It makes clear 
that what we see does not merely concern man and the present 
day, but is something larger than the present or the past alone. 

I should not fail to note that there has been a tendency on the 
part of some philosophers and leaders in modern scientific thought 
to assume that, with the present attainment of high intelligence 
in man, evolution or advance is halted. It has been suggested 
that our present civilization is a disease and that existing culture 
and organization will collapse. This reminds us that the story of 
Adam and Eve tells of their eating the forbidden fruit and suffering 
the sad consequences of added knowledge when they became re- 
sponsible for judgment of good and evil. In reality, the eating 
of the fruit bringing attainment of knowledge should not merely 
make degradation possible; it also opens the way to a higher estate 
which could be reached only through knowing the greatest possible 
good. Man would be unworthy if he failed to accept responsibility 
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for increased knowledge and for judgment, although it mean the 
risk of contingent evils along with the opportunity for greater 
good. 

Although the account of Adam and Eve relates that they were 
banished from the Garden and denied the privilege of living for- 
ever in possession of the knowledge they had gained, the gospel of 
redemption pointed out once more a way to the highest attainment 
of human life. The principle of punishment was replaced by the 
Christian law of brotherly love, and the fullest conceivable dedica- 
tion of life for the good of humanity was expressed in vicarious 
sacrifice. 

It is worthy of note that, in the purely scientific sense, the mutual 
support among men advocated in brotherly love moves toward elimi- 
nation of the evils which gratify the individual but endanger 
society. The recognition by society of those constructive things 
which are to its advantage tends constantly to build away from the 
opportunities for evil brought by increased information. The sug- 
gestion that civilization will be wrecked because with advancing 
knowledge new opportunities for evil appear leaves out of account 
the fact that increasing wisdom brings ability to distinguish more 
accurately and more quickly between good and bad. 

Although we may recognize evils in our present civilization, it is 
well to remember that in the expression of progress presented in 
history there can be no expectation of absolute uniformity in move- 
ment. The major curves will show minor irregularities. We 
should not be confused by temporary conditions, but ought to guide 
our judgment by those evident tendencies indicated by the larger 
movement visible in the longer span of time. 

It is not my purpose to discuss all phases of history applicable to 
present-day education or research. A group of experienced his- 
torians with the highest ideals devoting themselves to this subject 
stand to me in the relation of teachers, and I am only expressing 
here my confidence in them. It has been my purpose only to invite 
attention to those phases of the problem which lend themselves 
most readily to approach by historians examining the longer reaches 
of time, and given opportunity to consider changes clearly repre- 
senting the expression of creative movement. 

One of the greatest possibilities which education offers lies in the 
opportunity for making the interpretation of historical changes 
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useful in present and future affairs. Good citizenship is impossible 
without judgment based upon an understanding of the world 
framed as it really is, and not presented as a distorted picture such 
as selfish interests—individual, corporate, political, or national— 
may make it. The proverb, “Where there is no vision the people 
perish,” which was written in the time of kings, may be trans- 
lated for a democracy and read, ‘Where the people have no vision 
they perish.” Let us change the notion of completely stabilized 
ideas in life to one which recognizes that everything in history 
teaches clearly that we should build with the continuing expecta- 
tion of change and progress. Let no one vote on matters touching 
national issues unless capable of interpreting their historical 
meaning. 

Whatever it seems to say about it, the world wants disinterested, 
progressive leaders in every trade or profession. It does not want 
and will not have dominance in leadership which tends to sit tight, 
hold fast, and let others take the risk of constructive work. We 
are not interested in merely seeing the wheels revolve—what we 
want is to know that the wheels go round because the cart is moved. 

This country has just passed through an epoch of prosperity such 
as few nations have known. Its success has been due partly to 
hard work, abundant common sense, and inventive genius, but 
largely also to abundant natural resources which could be gathered 
for the taking. This stage now nears the end, and we recognize 
““conservation’’—preferably called “better utilization” —as an ab- 
solute necessity. In the development of such a policy for our land, 
our forests, our mines, our water power, as also for our power of 
hands and brains, it is only the clearest look ahead for periods 
longer than a lifetime that can bring success. The mind trained to 
common-sense prophetic vision, made possible by historical perspec- 
tive, is the only one capable of realizing the needed organization. 

In our future industrial development we shall necessarily de- 
pend upon brains and new ideas, at least to the extent to which we 
have leaned on abundant natural resources. The increase and 
organization of information by that creative effort known as re- 
search will inevitably mark the next great advance of our industries. 
Some educational and research institutions have long seen it. A 
number of industries have recognized it, have acted upon it, and 
are reaping the double reward of a reasonable financial return and 
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the satisfaction of performing important public service. The plan- 
ning of our advance in many aspects of industry will require at the 
same time a knowledge of fundamental natural laws and an inter- 
pretation of future needs and research possibilities such as can be 
provided only by minds trained to the longer vision of events. 

It has not been my intention to suggest that history exists solely 
for the business of prophecy or that forthwith we should all become 
professionals in this ancient and respected calling; those other 
functions of history which concern the truth about the past and 
the origin of the present are also sufficient fields of endeavor in 
themselves. There is none the less reason for considering that when 
we think of what might be called the five-dimensional aspect of 
the world in which we live in the sense of length, breadth, height, 
time, and creative movement through time, it is especially impor- 
tant to stress that expression of the fifth element, which may repre- 
sent law or mode of operation in determining the changes. 

The Great War stimulated our thinking on the larger meaning of 
history, and even on its prophetic value. More recently the 
Einstein theory and the story of Tutankhamen have accomplished 
much in continuing our education on problems touching the mean- 
ing of time and space and change. We are just beginning to learn 
how to take advantage of experience of the past, and our vision is 
only slowly reaching with assurance into the future. More than 
all, we are just now beginning to see what manner of world it is 
in which we have been placed, and how great a heritage we have in 
a universe that moves. 

In our advance we have discarded the ancient method of change 
by revolution, punishment, and destruction, for that of evolution 
built upon continuing improvement and construction. We are 
trying to put aside the idea of selfish struggle typical of the early 
reign of tooth and claw, for the mutual Christian support which 
brings about the highest common good under the rule of truth 
and law. 

As I close, permit me to express once more my trust in history 
as fundamental in education and a guide in decisions of every-day 
life. Its message may some time carry to you, as it does to me, 
a faith in the order of the universe which immediate dangers may 
not weaken. Though at times our vision seems not to reach into 
the darkness about us, we see growing ever brighter through the 


1960 PUBLISHED PAPERS AND ADDRESSES 


ages that flame of life from which there comes the light of truth 
and understanding handed on from man to man. And in this light 
the way becomes more clear by which we may climb up a further 
step. So Tennyson’s immortal lines float always through my 
thoughts in that— 


“I held it truth, with him who sings 
To one clear harp in divers tones, 
That men may rise on stepping-stones 
Of their dead selves to higher things.” 


To you as a graduating class it may seem that my vision lets me 
wander so far into the future that its value is already lost for pres- 
ent thought or human use—but in a sense it is your future into 
which it moves. Do not depend upon my eyes, but look yourselves 
where I have tried to see, and you will search out more than I 
have found. 

In the world to which you now go out you will find the real joys 
of life lie in service and in building for a better future. Attainment 
of the first depends upon ability to learn the right relations to your 
fellow-men. The promise of the second lies in the evidence that, 
when the germs of life were made, hope and faith were mingled in 
the seed. 

Remember that to-morrow will not be as yesterday. May your 
to-morrows brighten as your vision widens, and may your willing 
service bring an ever-growing measure of reward. 


TIME AND CHANGE IN HISTORY 


IME has been interpreted in an almost infinite variety of 

ways, and no single statement can do more than picture it 

from one point of view. In general terms, the concept of 
time suggests a mirror reflecting change. According to what it is 
that changes, and the point of view or purpose of observation, the 
aspects of time will vary. 

In a careful statement on this subject presented by Dr. R. A. 
Millikan in the James Arthur Foundation lecture of 1932, considera- 
tion was given to “‘time-rate-of-change of position,” which is veloc- 
ity, and “‘time-rate-of-change of velocity,” which is acceleration. 
These were related to concepts of force as concerning uniformity of 
nature and natural law, and to the concept of continuity of nature 
or the necessary continuity of motion and change of motion. 

The question presented by Dr. Millikan was discussed in terms 
of recent views indicating that there can be no absolute frame of 
reference for motion, the relative motion of two bodies alone being 
measurable. This formulation links space and time in a “space- 
time’ concept. These views indicate further that velocity and 
position, or energy and time, are not independent of each other, and 
that we have no warrant for considering absolute time, as also none 
for considering absolute length. 

In one sense what physicists have discovered is that conceptions 
of time and space, once assumed to hold consistently, are not really 
valid except under the special conditions which control in the rela- 
tions specifically observed. This situation is, however, met in 
nearly every field of science. Often we assume broad understanding 
of a group of phenomena from the conditions first examined. 

The concept of time, as we use it, generally seems to have limita- 
tions comparable to those suggested by present-day application 
through mathematics and physics. But just as the physicist, even 
after discussion of limitations on his views of time and space, con- 
tinues to make measurements and to draw conclusions within 
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certain limits, so in other discussions involving time-concepts, 
broad relations are used as basis for discussion of important ques- 
tions, but with recognition of the consequences due to relative 
conditions. 


Concept oF HisToricaL TIME 


Time in the historical sense may, as has been suggested, be con- 
sidered as mirroring change. Here also the difficulties of relative 
position and movement are encountered frequently. They are 
illustrated by coincident presence of stages in civilization recognized 
as representing widely different ages in development of man. So 
we may have the Stone Age culture typified at one locality and the 
age of applied electrical energy at another. 

When we perceive visually certain remote stars we know now 
that the light which makes this possible began its journey in the 
Age of the Dinosaurs, and that what we see as of the present really 
represents an earlier age. If by chance the remote suns which 
transmit us this light have around them planets on which the evolu- 
tion of life is under way, the living things on those planets might be 
very different today from what they were when the light began its 
journey to this earth. 


MetTHOD or MEASUREMENT 


As in other kinds of measurement, it is necessary in the problem 
of history to inquire as to the method of measuring and its precision. 
Practically all time scales that concern history refer to the same 
basis; namely, the period of rotation of the earth on its axis and that 
represented by revolution of the earth about the sun. 

In any attempt to reach finality as to these standards, variation 
in length of day and year must be considered. From calculation 
by various methods it appears that small changes may have taken 
place, but over the ages the extent of deviation from present units 
of measurement seems to have been slight. Apparently such 
variations have had little influence upon the scheme of calculation 
for historical time used as a background against which to project 
changes in history as we visualize them. 


Amount oF TIME AVAILABLE 


The amount of time available for what may be called history, 
in general terms, is also a significant matter. Written or other 
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records consciously prepared by man cover only a few thousand 
years. And, important as these statements are, sometimes we 
admit that one of their main values is as reflection of opinion of the 
writers rather than as record of facts. 

Unwritten history of human life presents itself in a wide variety 
of forms comprising remains and traces indicating life and activities 
for perhaps a million years. Behind this comes the record of the 
earth in geology, furnished by every conceivable kind of relic or 
imprint picturing realities of past ages. 

In the sciences of the earth there is a rapidly growing body of 
knowledge concerning time, as corresponding to the measure of 
years or revolutions about the sun. Physicists and astronomers 
have considered the extent of the period available on the basis of 
limits within which the sun might have given the earth an adequate 
supply of light and heat. This time appeared at first probably 
not longer than two or three tens of millions of years. Newer 
views ‘concerning nature of the sun, and solar radiation, have 
changed the extent from a few tens of millions to several thousand 
millions. 

In another way the geologist, estimating time on the basis of 
rates of erosion and sedimentation, has built up figures requiring 
increasing millions, until limits originally set by physicist and 
astronomer have seemed inadequate for statement of what the 
geologist finds. 

With the latest phases of study on the age of the earth, what might 
be called internal evidence has been much refined and extended by 
estimate of rates of radiation in breaking down of minerals enclosed 
in the rocks. So the study of uranium minerals leaving in their dis- 
integration process a residue of lead, when checked against refined 
laboratory observations, gives a possible age for some of the oldest 
rocks of between one thousand and two thousand million years. 

In the meantime the calculations of astronomer and physicist 
in research on life of the stars or suns have given age limits for those 
units, on the basis of previously unknown physical processes, sug- 
gesting a period of activity for our own sun at least as long as the 
age calculated for the oldest rocks in the geological record of earth 
history. 

In such estimates as have been mentioned figures will vary greatly. 
For the present it is mainly mode of approach to this knowledge and 
order of magnitude that are of particular importance. Lectures of 
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later years in this course will, I assume, give you, as it were, bul- 
letins on the advance of science in this fascinating field. 

The purpose of this particular lecture is mainly to direct attention 
toward the significance of certain aspects of change characterizing 
what has happened within the period of earth history as evidenced 
by our record. It is desired also to examine the nature of these 
changes and to inquire as to conclusions which may be drawn from 
trends of processes shown in these events, as they are measured in 
the rough frame of earth time. 


NATURE OF HistoricaAL REcorp USED ror EXPRESSION OF TIME 


Fragments of the actual historical record of the earth to which 
reference is made can be found in a thousand ways, and in nearly 
every region of the earth. But there are places where the story is 
so Clearly real in all its aspects that the mind not only accepts it 
fully, but uses it as basis of reference for other situations less readily 
pictured. ‘ | 

Among exceptional opportunities for obtaining an impressive 
vision of time, the Grand Canyon of Arizona is perhaps the greatest 
in America, or even in the universe as we know it. Peculiar condi- 
tions have exposed an almost perfectly maintained record, and have 
presented it in a frame of magnitude and beauty which helps to 
draw instant attention and to make ineradicable imprint upon the 
mind. With vital reality, the vision of time reveals itself there like 
the opening of a door upon the past. Even more striking than the 
contrast of physical grandeur of the gorge with gullies and canyons 
we have known is the comparison of the great chasm of ages with 
the measure of passing years as we have fathomed them. 

For those who go down into the Canyon to set their feet upon the 
strands of early time, represented in the rocks, these are places 
where history not merely reveals itself, but seems waiting to tell its 
story. With a sense of reality like that of the present, in standing 
before these ancient records of the earth, we are conscious of the 
streaming waters that rattled the heaps of worn and battered rocks 
which now form the walls, or of lapping waves as they spread upon 
ancient beaches the sands which are today sandstones of the border- 
ing cliffs. 

But the meaning of this record is not comprised wholly in the 
startling reality of the many episodes in history that one encounters, 
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nor yet in the truth that the sequence in which we find them 1s the 
true order of changes in nature. When from some commanding 
point one looks out over the spectacle, not merely is there apparent 
the real significance of each of a multitude of incidents in their natu- 
ral order, but the relation of these differing aspects of the world to 
each other translates them into an expression of activity extending 
through time. One sees the mechanism of nature and of history as 
if with all its parts in operation, and compasses the great complex 
in a single sweep of vision. 

This picture represents in the truest sense an abyss in time cutting 
across the ages. It shows in clear perspective the reality, the 
sequence, and the movement in a vast tide of events. 

The Grand Canyon is a magnificent spectacle merely as magni- 
tude, or as color, or as illustration of architectural and pictorial 
patterns, but perhaps more than in any other way it has human 
value as a means of indicating what change, movement, and time 
are, and how they present a background for all human thought and 
purpose and planning. Without such an appreciation of perspective 
in depth or height, or of the streaming movement in the currents of 
change, there is little possibility of reaching even an approximation 
to true vision regarding great events or affairs, whether they concern 
nature, mankind alone, or man in the world where he is placed, or 
even humanity in the world which it is proceeding to make for itself. 

That portion of the geological history of the earth of which we 
have an approximately continuous, realistic record is illustrated in a 
succession of strata, formed under conditions not unlike those 
known in the present. When pieced together these layers give us a 
thickness of something like forty or fifty miles of rock. This is not 
all found at once place, and probably represents a rate of deposition 
not matched precisely at any known locality. Throughout the 
major part of this thickness the strata differ little from accumula- 
tions being made along the borders of seas or rivers or on land at the 
present time, and no difficulty is experienced in appreciating the 
nature of the conditions which obtained when the deposits were 
forming. 

As we approach the earlier portions of this record, increasing 
length of the period during which these rocks have been in existence 
means that we might expect increasing modifications due to the 
larger number of general and local movements of the earth’s crust 
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in this relatively longer time, and to the many agencies that might 
modify the rocks. When the lower portion of this section is reached, 
these influences, expressed in breaking, crushing, and intrusion by 
molten materials from below, so affect the rocks that their original 
characteristics largely disappear. In the lowest portion of the pile 
the formations are either materials which have passed through a 
molten state and, therefore, do not possess their original structure, 
or they have been influenced in other ways to such an extent as to 
produce modified mineralogical and physical characters. 

So in the lowest or earliest part of the great section of the Grand 
Canyon the rocks through which the present lower gorge of the river 
is cut show evidences of change to such extent that until recently 
there has been doubt whether they were once sediments like those 
of today, or whether perhaps they owe their origin to some other 
process. 

Regardless of astronomical calculations it would appear, then, 
that our earth is so old that the earliest records have been prac- 
tically destroyed, and for evidences of history we must be dependent 
mainly upon this one thousand to two thousand million years of 
connected story. Within this period geological events present 
abundant data that indicate the nature of the earth, its structure 
and movements, the processes that have influenced it, and the 
changes that have taken place. 


TIME AND Process AS KNOWN FROM GREAT BIOLOGICAL CHANGES 


As an illustration of the significance of historical change taken 
from the field of life science, Darwin’s great contribution on study 
of biological change or evolution was founded in part upon geological 
and palaeontological records, which he considered in terms of 
processes involved in the history of life. Darwin states in his 
Voyage of the Beagle, concerning his early work in South America: 


This wonderful relationship in the same continent between the dead and the living, 
will, I do not doubt, hereafter throw more light on the appearance of organic beings 
on our earth, and their disappearance from it, than any other class of facts. 


And again in his Origin of Species: 


Judging from the past, we may safely infer that not one living species will transmit 
its own unaltered likeness to a distant futurity.... As all the living forms of life 
are the lineal descendants of those which lived long before the Cambrian epoch, we 
may feel certain that the ordinary succession by generation has never once been 
broken, and that no cataclysm has desolated the whole world. 
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The element of continuity described by Darwin is critical, in that 
it makes possible the process of building. Incidentally, it is this 
continuing relation that gives greatest dignity to human life, as 
through it life is fitted into a growing or developing scheme. 

The theory of evolution in one form is a historical view of life. 
It is based on consideration of many factors, but it was seen early 
as a phenomenon presented in terms of change or time. It ranks 
among the most progressive and most comforting ideas that man- 
kind has come to know. 


CHANGE AND THE ReEcorRD or Man 


In the historical record of man himself, considered in its greatest 
extent through time, we have unequivocal evidence of changes 
corresponding to those known for the long sequence of other types 
of life preceding man. Human history finds its beginnings in a 
stage of geological time considerably removed from the present, and 
marked by conditions upon the earth materially different from 
those of today. Within the period of history presented, man has 
himself changed greatly. From what we know of history in other 
groups, we are led to believe that conditions governing in evolution 
or development of other living things in some part influenced 
development of man. 

When we consider the record of cultures or civilizations developed 
by mankind we see tremendous advance in accomplishment, both 
material and intellectual. Both individual activity and the broader 
human relations have provided endless variety of contribution 
through experiments in education, and in economic, social, and 
governmental organization. Pride of present-day students in the 
achievements of this particular age must be tempered by recognition 
of values represented through what has been done in other epochs. 
In study of cultures and civilizations we know now that not until 
the history of achievement for all peoples and all times is brought 
together as consecutive stories shall we be in a position to judge as 
to ultimate values. Modern education finds itself returning to 
experiments of the Greeks. And the great group of religions often 
goes back to the savage to find a relatively safe view as to relation 
of man both to nature and to other men. Above all we learn that 
whether you call these changes steps or stages in human evolution, 
or whether you look upon them as representing that “vision without 
which the people perish,” or whether it is all to be described just as 
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“experience,” they represent movement of events, underlying which 
there are principles of value to us, and which make the chart of 
history an important guide. 


IMPERMANENCE 


One of the most significant elements in observation of what 
happens in the world of things, inanimate, living, and cultural, is 
the seeming impossibility of permanence for anything, unless it be 
truth itself and the evidence of its application. Next to the laws of 
existence, the modes of change are among the most important 
aspects of being. So a poet has recognized the significance of this 
flow of events in the words: 


Weep not that the world changes—did it keep 
A stable, changeless state, ’twere cause indeed to weep. 


Without assuming that all changes and modes of change can be 
reduced to anything like simple formulae, the records covering 
history of the earth and life, and all the movement of events which 
we know as history in its various phases, must be looked upon as 
evidence regarding the nature of the things with which we deal. 
Almost infinite complications make difficult an interpretation of 
much that we see, and we may not expect full understanding 
immediately; also the question as to why these things happen 1s 
one which science is commonly not in a position to answer. Many 
of the events will not easily resolve themselves into terms of what 
we call cause and effect as limited by description of the physical 
world. And yet it would be difficult to set aside these trains of 
events as wholly unrelated. 

That history has value as experience, and that it suggests proc- 
esses or modes of action does not therefore give it infallible prediction 
value. One of the most important evidences of history concerns 
the fact that nothing remains the same indefinitely—in other words, 
that history does not commonly repeat itself precisely. Situations 
already formulated may remain, but changing conditions bring new 
results. Prediction values may not be considered generally as 
clearly defined, but rather as indicating that certain situations have 
possibilities of a particular order. 
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TIME AND LIFE 


Time, with the changes which it represents, gives to life and the 
world of things to which it is related an increased value suggesting 
the difference between the surface of a flat, unchanging world, and 
our place in a wide, deep universe of things in motion. ) 

Now that we know the earth to be round, we look with amuse- 
ment on those who conceive of living on a flat world. To them, not 
only is the earth different, but the heavens above must be wholly 
different from the universe round about us, as we see it. Equally 
interesting is the common absence of perspective in time, both in 
retrospect and prospect. To persons who lack this aspect of vision 
there is no element of depth, and no range within which develop- 
mental types of movement could take place. 

The greatest value coming from our vision of change and time 
and their consequences is the idea that the world moves, and that 
what we do is important for coming generations. This will be true 
whether we build for the future, or reduce our opportunity by de- 
generative or destructive pleasures which waste the store of mater- 
lals that the past has accumulated. 

If there are laws or well-defined modes of procedure in history, 
is it then possible to consider whether by their use we may better 
existing conditions? Especially would this be desirable at a point 
where in practical affairs it becomes necessary to consider in one 
picture the entire earth and its inhabitants. The greater problems 
of today must be discussed not only in terms of world geography, 
but on the basis of world history as well. If isolation in space and 
time is really desired by any group, the best course is to find another 
planet, one that is perhaps bombproof and rayproof, and to which, 
across the frigid ocean of intervening space, no message may ever 
pass. 


GEOGRAPHY AND HISTORY AMONG THE 
SCIENCES, AS INFLUENCING RESEARCH 
IN THE AMERICAS 


GEOGRAPHY AND History 


EPENDING upon the purposes in mind, to some it has seemed 
possible to demonstrate that geography and history are 
broadly inclusive of the sciences, and to others that these 

subjects do not themselves represent what has been called science, 
but only points of view. 

In geography the wide scope of materials involved has made nec- 
essary the use of data representing many phases of natural science. 
Those include geology, meteorology, the vast variety of life, and that 
course of evolution which led to the present location and adaptation 
of life. Just as we can understand how geography came to include 
much of science, so we can appreciate also the tendency of many 
specializing subjects to draw away from geography the organized 
data of geology, meteorology, plant and animal distribution, along 
with anthropology, until the movement tends to divest geography 
of what seemed its greatest assets. 

History has in some respects fared worse than geography, as its 
tie with the story of man has led many to insist that it never can be 
included in the sciences. Whether or no we believe the foundations 
of history to rest upon realities and their logical or philosophical 
interpretation in the sense in which this is true of the sciences, there 
has been in this subject also a record of broad accumulation of data 
covering many branches of knowledge, succeeded by a period of 
stripping away individual subjects claimed by highly organized 
special departments of knowledge. As illustrating one aspect of the 
problem of historical science, I feel qualified to speak personally, 
having spent a considerable portion of my life in struggle over the 


Address before the Pan American Institute of Geography and History, Washington, 
October 17, 1935. Mimeographed, 10 pp., October 17, 1935; Spanish translation, mimeo- 
graphed, 11 pp., October 17, 1935. Proceedings of the Second General Assembly of the Pan 
American Institute of Geography and History, Washington, October 14-19, 1935, Department 
of State Conference Series No. 28, pp. 291-301; Spanish translation, pp. 302-314. Washing- 
ton: Government Printing Office, 1937. 


1970 


GEOGRAPHY AND HISTORY AMONG THE SCIENCES 1971 


question whether my chosen subject of paleontology belongs in 
geology or in biology. My own view has been expressed consistently 
to the effect that paleontology relates intimately both to geology 
and to biology but is dominated by the point of view or attitude of 
history. 

The thesis which I plan to discuss concerns the idea that history 
and geography are both founded upon principles comparable to those 
governing science as commonly defined. Each subject may be ex- 
panded naturally to cover much of available knowledge regarding 
the world and its inhabitants. In the process of such reaching out 
to touch other fields, each may profit greatly by this relation. In 
spreading, either may lose itself in a maze of materials perhaps bet- 
ter considered under the head of other special subjects. It is my 
desire to call attention, on one hand, to the broadly inclusive nature 
of both subjects, to note their intimate relation to the sciences, to 
emphasize especially the features which characterize each, to suggest 
the necessarily close relation between the two, and, finally, to sug- 
gest certain questions of immediate importance in which these 
special points of view are desirable in the attempt to obtain solution 
of special problems in the Americas. 

Advance of the sciences has been characterized by intensive, 
rigorous study of the characteristics of what we call realities, by 
examination of the relations of these materials to each other, and by 
attempt to discover whether the processes illustrated show such 
consistency of procedure that we are justified in accepting them as 
dependable. Definitions of these modes of procedure we call laws. 
Such organized knowledge simplifies enormously the handling of 
day-to-day problems. It not only makes possible activity in a 
natural world without the necessity of treating every act as an 
experiment, but it opens the way for advance of civilization through 
formulation of information constituting the foundations upon which 
new constructive activities may be established. 

As has been suggested, the value of these laws is sometimes stated 
in terms of dependability; in other words, with relation to existence 
of qualities which lead to expected action. The dependability is 
often checked by experiment, which has become a favorite means for 
testing modes of procedure or laws. In another way we picture 
these conditions of operation by expressing them in terms of predic- 
tion value. We attempt to learn how far we can depend upon the 
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operation of natural laws to act so closely to known patterns that 
we will be able to predict the outcome of forces seen in action. 

This prediction value, or reliability, comes to have great human 
significance in our relation to nature, and in study of activities in 
human kind as well. If corn is planted, may we expect a crop? Can 
we look for consistent prediction of weather? Will eclipses and 
tides appear on schedule time? The application of this criterion of 
prediction has come to be used commonly as an important point in 
definition of a science. 

To some, the requirement of procedures described as laws in- 
fluences application of the term “‘science’’ both to geography and to 
history, but in each subject it is also important to recognize the 
element of variability or change as itself something to be considered 
a characteristic. The extent to which dependability or predict- 
ability is expressed in these fields is still a subject of discussion. 

The degree of dependability or predictability in a subject such as 
geography must necessarily be quite different from what one finds 
through experimentation in such fields as physics or chemistry. 
Dealing, as geography does, with the relation of elements on the sur- 
face of the earth, or in space, it might be said that predictability or 
dependability would relate to whether the things arranged in space 
may be depended upon to maintain their characters in a particular 
situation. But geography is not limited to consideration of distribu- 
tion in space. It relates to the fact that in different situations with 
varying environments many of the controlling conditions vary. 

So far as prediction is concerned in geography one might inquire 
whether given the location of a particular thing at a particular place 
on the earth certain types of conditions might be expected. At an 
early stage in development of world geography, there would have 
been question whether with the knowledge available to Columbus he 
could predict that curvature of the earth would extend itself in such 
manner as to give spherical form, and offer the possibility of sailing 
to the Indies by a path to the west. In the field of geography as it 
touches biology one might inquire whether given knowledge of the 
form of the earth, with variation of the seasons due to position of the 
axis of the earth, we could depend upon certain types of environment 
which would favor particular kinds of plant growth. 

In history, the value of available knowledge for use in logical con- 
struction of generalizations or conceptual systems is sometimes 
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looked upon as less satisfactorily founded than in the sciences 
generally, or in geography. While in our treatment of the materials 
of history we demand, as for all sciences, the most rigorous scrutiny 
of experiential data, the degree of dependability is commonly 
reckoned as less marked than in the basic physical sciences. The 
extent to which history has prediction value is of course one of the 
vigorously discussed problems, especially in its application to 
development of human affairs. Commonly, however, there is 
failure to take into consideration the fact that some of the most 
important contributions of history, such as those which are repre- 
sented in the theory of development, or evolution, emphasize par- 
ticularly the idea that history does not repeat itself precisely but 
represents rather a mode of change in which certain of the more 
fundamental elements, which might be called generic, may maintain 
themselves, while details change continually. 

In some measure the prediction aspect of history points toward 
the idea that precedent conditions will not be repeated exactly, but 
rather will the generalizations formulated lead us to expect states 
to a considerable extent new. For example, when we look over the 
story of life recorded through some hundreds of millions of years, 
it is difficult to avoid the conclusion that modification of organic 
types is the rule, whatever the reasons or causes may be. In the 
same manner, in examining the broader outlines of human history: 
so far as the physical background of man is concerned, one finds 
similar trends. 

Application of the basic principles of science to history with par- 
ticular relation to human affairs involving cultural, intellectual, 
and spiritual values presents the most difficult of all problems in this 
field, since there is general acceptance of the idea that human life 
offers the possibility of choice or of a certain freedom, which in itself 
interferes with the rigid application of what we have termed “natural 
laws.” 

Whatever the complications arising from interlocking of geogra- 
phy and of history with a great number of other fields, each of the 
two subjects has made its contribution in the interpretation of data 
in these other areas of thought. Geography has defined variation 
of materials and conditions in space, and has contributed data 
needed for understanding the nature of contrast, variation, and 
evolution or development in space. History has been the measure 


1974 PUBLISHED PAPERS AND ADDRESSES 


of time and change, touching all things inanimate, animate, and 
human. The record of its movement must be examined by methods 
comparable in exactness, organization, and purposes of interpreta- 
tion to those of the sharply defined sciences. Whether or no the 
modes of procedure are as simple and as clearly defined as those of 
physics, they are not less important and should be used so far as we 
can interpret them. 


DEFINITIONS BY KANT 


In his lectures on geography about 1765 the German philosopher 
Kant considered knowledge regarding the world based upon experi- 
ence and reason, and practically defended geography as description 
in the order of space and history as description in the order of time. 
Perhaps continued reaffirmation of the specific objective in each of 
these subjects as given by Kant would accelerate the advance of 
knowledge. Especially would this be true if there were rigorous 
application of the methods of science in both subjects and insistence 
that other phases of thought or investigation should aid in preparing 
the materials for discussion in these two fields. With this attitude 
each subject would be a point of view or mode of inquiry, for use of 
which geology, zoology, botany, anthropology, and other fields 


would furnish the concrete materials. 


RELATION OF GEOGRAPHY TO HISTORY 


The difficulty of separating either geography or history from other 
subjects cannot be illustrated better than by considering the relation 
of each to the other. For example, the geographical variation of 
life types in relation to differing environments comes about com- 
monly by way of migrations through space which are recorded in 
time as history. Variation of the organisms through the ages 
corresponds generally to variation in a measured spread through 
space. The nature and the rate of change may be measured 
usually either in space or in time. Actually they are recorded in 
both. 

Next to values that reside in the fact that things have being, and 
that life brings movement, we may well look upon the variety and 
change incident to geographical distribution, and to development or 
evolution through time, as among the greatest conceptions regarding 
the world about us. The extent to which these situations and rela- 
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tions are subject to the conditions required by science depends 
mainly upon the degree of intensiveness in examination of the reali- 
ties concerned, and upon the unswerving logic of the philosophical 
interpretation. It may be expected that the almost infinite range of 
complications presented will make full understanding seem beyond 
the possibility of attainment in much of what is undertaken, but the 
objective should be found in honest understanding rather than mere 
formulation of hypotheses to be put into circulation as foundations 
for the building of ideas. 

So significant do the points of view of geography and history ap- 
pear, that, at a time when citizenship carries real responsibility for 
knowledge, it seems reasonable to take the view that no person 
should be considered educated until he has experienced the actual 
construction of a map representing the elements of distribution of 
something, and has engaged in following out the development or 
history of a particular situation or idea illustrating sequence in time. 


APPLICATION VALUES 


Just as in estimating the value of laws in science we judge on the 
basis of applicability in handling the great volume of data encoun- 
tered, so the significance of such comments as have been made re- 
garding definition of functions in geography and history depends 
upon applicability of these conceptions in the interpretation and 
use of facts or situations with which we deal in human relations. 
One may ask properly whether application of these views can help 
to define the kind of action necessary if the best human use is to be 
made of materials and ideas available. 

There is perhaps no situation in which the values in these concepts 
of geography and history would appear larger than in consideration 
of requirements of the scholarly and practical interests represented 
in this particular gathering of students from the various nations of 
America. The portion of this earth occupied by the Pan American 
peoples covers a geographic range extending over much of the dis- 
tance from one pole of the earth to the other. Without even 
considering the exceptionally interesting history of America since its 
penetration by European peoples, we have here a very long record, 
which is peculiarly valuable because its development seems to have 
gone forward along courses which were relatively direct as compared 
with much of the story in the Old World. The conditions presented 
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in the Americas are therefore in some ways exceptionally favorable 
for considering applicability of basic principles of geography and 
history in the sense in which they are here described. 


GEOGRAPHY 


If one consider the question of dependable, and in a sense predict- 
able, conditions represented in geography, or in space, over these 
American regions, there appear in practically all aspects of nature 
features which are characteristic of geographic regions or zones. 
Most evident of these features are the areas defined by climate 
related to astronomical influences. Other regions are limited by 
factors of other types such as the distribution of land and water, or 
exceptional variation in elevation of the land. Regardless of theo- 
ries developed to account for its occurrence, the vast variety of life 
on these areas when located on a map scheme shows correspondence 
to areas defined by variation of climate or by other differences of 
environment. We have tested out in various ways the adaptability 
of these kinds of living things to different types of surroundings, and 
discover that they are in large measure limited to possibilities of 
successful growth under particular conditions. Among the kinds of 
life thus defined as to geographic location are many which have 
important economic use. Others expressing various pathological 
states are inimical to health. 

From the point of view of geography, history, economics, and 
health the geographic factors which touch life in the American area 
should have the most careful possible study as to identification, 
character, distribution, and their significance in relation to human 
life. Not to know the values represented would be to lose assets 
that are a part of the setting in which human kind is placed. The 
broad range of territory which we have discussed is occupied by 
many peoples and nations linked by the relationship of the Pan 
American Institute of Geography and History. It would seem an 
especial responsibility of the Institute to consider measures through 
which it may help to see that the geographic and historic factors are 
adequately stated. This will naturally involve cooperation with 
many agencies devoted to special research on subjects of a concrete 
nature, such as botany, zoology, and geology. 

It may also be a responsibility of this Institute to examine present 
and future needs as to maintenance of existing values in natural 
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features which depend upon geographic location, such as types of 
life distinctive of particular regions, or economic values in life most 
readily produced in certain regions. Insisting that this be done 
would be a contribution for human good, both to the regions particu- 
larly concerned, and with respect to mankind in general. Such 
action might well have the support of all the American peoples. 

From the side of science, considered merely as basic knowledge 
without reference to its immediate economic application, it is desir- 
able that there be protected for present and future study some of the 
greater illustrations of natural phenomena over the Americas. These 
features should be maintained in precisely the condition which has 
been developed through those great stretches of time in which their 
creation or evolution has been in process. Reservations of the type 
suggested have been made by a number of countries, and careful 
study has been given to this problem by many organizations in 
several countries. Through the Department of the Interior of the 
United States a series of reservations has been made in a National 
Park system. Important reservations have been set aside in other 
countries, some of the most significant of which are those established 
in the various parts of Africa. A group of areas set aside in the 
Belgian Congo in some respects presents the closest approximation 
to complete protection thus far obtained. In that region im- 
portant sections are protected against all entrance for a considerable 
period. 

While important advances have been made in protection of great 
natural areas for their scientific, economic, and educational use, 
decision as to just what should be done, and how it should be accom- 
plished requires an extended period of study. Cooperation of the 
several countries in examination of needs for reserved areas for these 
purposes is a task which could be taken up to great advantage by the 
Pan American Institute of Geography and History. A central com- 
mittee, with representatives from the several countries, could make 
extremely important contribution toward advancement of our 
knowledge of this problem. The information secured could then 
be made available to the Institute and also to the countries con- 
cerned, with the hope that action would be taken by the govern- 
ments controlling areas looked upon as desirable for preservation. 

In the light of past experience by various countries, it is recom- 
mended that proposals for the reservations suggested should concern 
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natural features of major importance characteristic of particular 
geographic areas or regions. The reservations should be made with 
expectation that they will be useful both to the countries concerned 
and to the other nations of America, as also of the entire world. 

In past movements to preserve great natural areas for their in- 
trinsic values there has been a tendency to defeat some of the most 
important purposes through attempting to secure support of the 
effort by special promotion of accessibility to these regions. The 
tendency to develop accessibility, increase the number of visitors, 
and advance that form of utilization described as playground use, 
commonly intensifies wear and brings introduction of artificial 
elements designed to protect, but often reducing the original values. 
A program looking toward protection may properly recognize the 
desirability of permitting use which relates to interpretive or educa- 
tional value, but with the assumption that such utilization will not 
become destructive. It should also be recognized that, in develop- 
ment of plans for use, the personal effort and financial support used 
in developing accessibility should at least be matched by effort and 
support directed toward securing as full knowledge as possible of the 
elements in nature which it is aimed to protect. 

Corresponding to what should be done to preserve natural features 
of interest by reason of their geographic distribution, and to study 
their scientific, economic, intellectual, and even spiritual values, 
it is important to give attention to biological or other natural ele- 
ments inimical to human life, which seem to have dependable or 
predictable geographic location. Climate, in the sense of physical 
conditions alone, has long been the subject of discussion as to its 
influence in this respect. As noted by Dr. Richard P. Strong in his 
statement on ““The Importance of Ecology in Relation to Disease,”’ 
just published in the journal Science, this is a field in which intensive 
investigation is greatly needed. An important book by Dr. E. B. 
McKinley on “‘A Geography of Disease,” which appears during the 
week of the meetings of this Institute, presents another view of the 
distributional, environmental, or geographical factor as related to 
influences inimical to human health. Geographers concerned with 
problems of the Americas can make no mistake in helping to forward 
such researches as advance knowledge 1 in this phase of science and 
its medical application. 

And so in very many other ways one might note natural features, 
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or phenomena, which in their normal expression represent depend- 
able or predictable influences that can be defined in terms of space 
relation. In astronomy we note that locations in the Southern 
Hemisphere offer the only means of entrance to vast reaches of our 
universe not visible through great telescopes of the north temperate 
zone. Even the earthquake demon, rising from its hidden lair from 
time to time to spread destruction and instill the virus of fear, is 
traced to special places upon a map. 

It is not my function to list all that may be described as depend- 
able and predictable in the geographic sense, much as I might wish 
to go further and consider in how far location and environment, in 
conjunction with history, are responsible for those variations in 
attitude, vision, opinion, and belief which make it possible to place 
upon a map even some suggestion of spiritual differences among men. 


Hisrory 


The special problems of history in relation to geography in the 
Americas present a great variety of difficult questions involving the 
peculiar values of this subject already considered. 

In its scientific aspects, some of the closest relationships of history 
are with geography, and, so far as discussion of elements of the 
natural world is concerned, these two points of view are frequently 
so intimately connected that they must be considered together. 
The scientific phase of questions relating to history has been compli- 
cated by a great number of factors which we appreciate only in part. 
One of these apparent complications concerns the relativity feature 
of time discussion, leading to formulae not merely difficult to inter- 
pret but applicable only when we know the situations to which they 
are fitted. 

History needs the application of such methods for identification 
and classification of its basic facts as will give materials for study 
comparable to the fundamental data used in research on natural 
sciences. It is well to remember that the units utilized as a basis 
for research in the natural sciences passed through many stages of 
refinement before the present status of knowledge in these fields was 
teached. There is also required in history rigorous application of 
logic in the study of sequences, at the same time recognizing fully 
the meaning of the personal element and the degree of variability 
in such factors. It is also necessary to attempt simplification of 
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problems in history, and to guard against building over-large struc- 
tures upon small foundations. It is better to be conservative and 
say that we do not know than it is to assume that because a judg- 
ment is important therefore the decisions made are correct. 

Present programs of various nations concerned with different 
types of forecasting or planning vary in their characteristics from 
expression of schemes rigidly defined by mathematical calculation 
to studies in which the trends of economic situations, of society or of 
government are studied with a view to determining what can be 
obtained safely from the past as experience. One may, I believe, 
assume that structures made of rigid materials, pointing unswerv- 
ingly in definite directions, may suffer to some extent by reason of 
inadequacies in their foundations. Perhaps the whole idea of plan- 
ning will suffer because of over-confidence in use of inadequate data. 
On the other hand, the idea of looking forward, coupled with the 
effort to build safely, and for the longer time, on soundly tested 
materials should make for greater security and for continuing better- 
ment of the opportunities open to mankind. 

In this particular gathering of scholars it is interesting to note that 
the view of the history of life known as the general theory of organic 
evolution, as expressed through the writings of Darwin, had its 
foundation of reality largely in the succession of geological forma- 
tions and their contained fossils studied by Darwin in southern 
South America during the course of his voyage on the ship Beagle. 
You will find in Darwin’s Origin of Species that this historical con- 
ception, with the idea of change in geographical distribution of 
organisms, furnished large stimulus for later studies of experimental 
type regarding the origin of species and the forward movement of the 
life world in past ages. | 

In the field of operations of the Pan American Institute of Geog- 
raphy and History there is an extraordinarily interesting opportu- 
nity for development of a unified program for study of history, 
human, biological, and physical, in relation to clearly defined 
geographical features. Although the program appears, and will 
continue to appear, infinitely complicated in development of its 
details, the interlocking elements may be more simple than those of 
the Old World with its larger land areas and more complex migra- 
tional influences. 

The beginnings, and the initial developmental studies, in prac- 
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tically all of the American countries present an expression of ideals 
which, if carried out, will give one of the most interesting statements 
to be obtained, regarding both the general life world and human 
history. 

Such studies as those involving the history of population distribu- 
tion concern problems which are among the most interesting ques- 
tions in the history of migration, and at the present time have great 
significance in consideration of many critical problems of economics 
and government. 

Among the primary essentials for success in this work in America 
it is desirable to class the requirement for intimate relation on the 
basis of scientific approach between those influences which have to 
do with geographical distribution and the factors which concern 
succession or movement through time. It will be important also 
to follow the intimate study of certain special problems of history 
considered to some extent in isolation. But especially desirable is 
it to conduct the whole program of investigation with a view to seeing 
the relation of history not only to geography but also to all of the 
various general and special phases of science which may be repre- 
sented or which may impinge upon the historical program. With 
all of their importance as representing specific points of view, geog- 
raphy and history must literally stand among the sciences and 
participate in their results by use of these methods. 

In discussing opportunities of this Institute for service in the field 
of geography I have already called attention to the need for protect- 
ing and maintaining such natural features as have exceptional 
significance in the geographic sense. It is important to emphasize 
also the fact that since practically all of these features illustrate the 
result of age-long development, they may be as significant in the 
sense of history as in geography. ‘The value of such protection as 
may be given will depend in considerable part upon the possibility 
of making it effective to such extent that the historical values will 
not be lost. What belongs to the past cannot be replaced once it is 
lost. 

In preservation of remains that represent the history of human 
development much has already been accomplished through initiative 
of the American countries individually, and on the basis of recom- 
mendations by other conferences of representatives from these coun- 
tries. But it may not be inappropriate to suggest that the final 
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value of work made possible by the strong position taken by the 
American countries depends upon the possibility of even further 
advance. The story of American history can be written only 
through close cooperation in research by many institutions and many 
peoples. Conferences such as are made possible by this Institute 
promote cooperation through discussion of problems of general 
interest. Perhaps such conferences may aid in calling attention to 
the need for locating, mapping, and giving close protection to areas 
of historic remains the records of which will be necessary in any final 
summation of American history. 

From another point of view it is important to continue the em- 
phasis already placed by many institutions and nations upon guar- 
anteeing guardianship of all historical records in such manner that 
their full value may be maintained for future generations of stu- 
dents. It is to be expected that others will wish to approach study 
of certain of the major historical questions from points of view quite 
different from ours. There should be opportunity for study by 
these later investigators on a basis as nearly as possible comparable 
to that of the discoverers, or first researchers. No future student 
will wish to find a manuscript or a printed document so worked over 
or modified as to cause doubt concerning what the writer intended. 
Changes by the author on his own manuscript would be valuable, 
as indicating shades of his opinion, but subsequent modifications 
prevent accurate study. The meaning of an ancient ruin, a shell 
heap accumulated by human hands, or a small exposure of a geologi- 
cal formation may in large measure be lost through over-excavation 
or through restoration. 

In conclusion may I make the further suggestion that difficult and 
long-extended as is the task of historians concerned with the past of 
America as guide for the future, I believe the work to be humanly 
one of the most important to which financial, intellectual, and—shall 
I say—spiritual support and encouragement can be given by institu- 
tions or by governments. 


INTERNATIONAL COOPERATION IN HISTORICAL 
RESEARCH 


ITH widening knowledge it becomes evident that no great 
W human problem can be solved without intimate under- 

standing both of what is happening in many parts of the 
world at one and the same time and of the historical steps involved 
in the development of present situations. Study of the growth or 
evolution of these conditions or ideas may be recognized merely as 
representing some one of the subjects under which information is 
classified, such as economics, sociology, government, etc. From 
another point of view this successional aspect of events is the spe- 
cial field of historical research having as its peculiar function the 
interpretation of facts relating to development. 

Historical research has therefore become one of the most impor- 
tant means of obtaining a satisfactory perspective in examining 
many major questions touching human relations of to-day. 
Through it we secure a better understanding of the nature of the 
materials with which we deal and an idea of the movement of 
affairs leading into the future. This view of many problems be- 
comes particularly important as it visualizes in some measure the 
trend of those movements of such magnitude and of such slow 
operation that we can control them or accommodate ourselves to 
them only through effort extending over periods which are rela- 
tively long compared with human life. 

From a practical point of view we have become accustomed to 
considering as important only those things which are immediate 
in space or in time. We know now that determination of events 
in the near future may be dependent upon circumstances originat- 
ing in relatively distant regions and in remote time. As an illustra- 
tion: It is possible that the political situation in the United States 
within the next four years will be determined by the financial 
status of a large group of our population engaged in occupations 
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directly dependent upon agriculture, the character of the crops 
may depend upon what we choose to consider exceptional weather 
conditions, the state of the earth’s atmosphere guiding the weather 
may be due to minute but determinative influences arising from 
variation in the radiation of the sun, and the variations in the sun 
may be attributable to little understood physical changes within 
that body. The historical study of such changes in the sun would 
be one of the factors necessary for understanding of the physical 
process involved. Such study might make it possible to obtain 
some understanding of the future of the sun, of our weather, and 
of all that is dependent upon it. 

In the investigation of practically all human problems, whether 
they represent questions of economics or politics, or touch the 
study of purely physical phenomena in ancient history, we com- 
monly face the necessity also of securing data from a wide range of 
localities before ultimate interpretation is obtained. When it is 
the historical aspect of a question that is considered, the complica- 
tion of relations and interlocking influences is increased in propor- 
tion to the length of time involved. For example, it is possible 
to conduct a most interesting investigation of the archaeological 
history of the Maya people of middle America through study of 
one site or city, but it would be futile to attempt any complete 
interpretation of this history without a wide range of information 
touching at least the history of the whole middle portion of the 
American Continent. 

According to the subject that one may be considering, the world 
may be classified in regions or provinces in which there is relative 
uniformity or unity in historical process. As now divided in polit- 
ical or national units, we may find little correspondence between 
the boundaries of national units and those provinces denoting 
relative unity in history. In considering the greater questions of 
historical research the record in the region occupied by any one 
nation is therefore frequently interpretable largely by that avail- 
able in the territory of other nations, and the cooperation of stu- 
dents in these neighboring countries is necessary for understanding 
of the history of the whole region or any of its parts. 

In a general way this is now the situation for the American Con- 
tinent. No area and no national unit is historically complete in 
itself. The United States must cooperate with Canada and Mex- 
ico in order to write the story of its floras, its faunas, or its people. 
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The fact of separate national units with boundaries having little 
relation to unity in historical process places upon each nation two 
kinds of duties relative to study of the problems of history with 
which it may be concerned: 

(1) Each nation carries the whole responsibility for guardian- 
ship of all data or records within its territorial limits. Such 
guardianship concerns both those things which relate to one na- 
tion apart from others and those which have to do with general 
questions touching wider regions including several national units. 
Inasmuch as understanding of certain general questions of history 
can be solved only by aid of data secured from several national 
areas, each nation has a moral obligation to the others to protect 
whatever is of importance to them, and should at the same time 
hold other nations responsible for what they possess which is of 
importance in the study of its own problems. (2) The ultimate 
understanding of much that is of first importance in history de- 
pends upon the cooperation of each nation with other peoples in 
the working out of all problems of mutual interest—both in the 
investigation which is in its own territory and in that which bears 
upon the same questions but is in other areas. 

If each nation accepts both the obligation to protect its records 
and the opportunity to cooperate in the study of historical ques- 
tions to which it is in a peculiarly favorable position to contribute, 
we will be able to secure the interpretations of history so urgently 
needed for use in the study of many difficult human problems. 

In a study of the Americas we find no marked exception from 
application of the abstract principles relating to cooperation in 
historical research considered in preceding portions of this paper. 
Whether we are concerned with the progress of events relating to 
general international questions or with matters of more limited 
scope, it is almost invariably true that the interpretation we seek 
is obtainable only through examination of a great number of fac- 
tors touching many peoples. Nor do these principles differ in the 
degree of their application as between periods approximating the 
present and times representing remote ages. Their significance is 
again similar whether we are touching the meaning of economic 
principles of immediate interest or what may seem like less prac- 
tical human interests represented by the art or aesthetics of long 
vanished civilizations. : 
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As illustration of the interweaving of influences, we find the his- 
tory of economic development of southern United States inextri- 
cably interwoven with that of England, Spain, and France. It is 
related closely to the origin and growth of practically every Ameri- 
can nation on both the northern and southern continents. The 
development of the institution of slavery in the Southern States 
of the United States had its intimate relation on the one hand to 
Africa and on the other to the history of the North Atlantic States 
from which it was later excluded. The interesting series of cul- 
tural stages represented in the archaeology of New Mexico and 
California on the one hand require the close cooperation of inves- 
tigators in the Republic of Mexico on the other side. 

Without assuming that our American history has as its function 
the interpretation of present and future conditions, it becomes 
merely a means for the exercise of the faculty of curiosity, and can 
teach only by analogy. Given the idea of continuity or the recog- 
nition of cause and effect, this history does not merely accumulate 
facts. It becomes a contributor to the definition of laws or modes 
of procedure in affairs or conditions of environment touching exist- 
ing human life. The fact that certain great civilizations rose, 
blossomed, and withered in ancient America would actually be a 
matter of little or no concern to the people of to-day were there not 
reason to believe that the development of these civilizations may 
teach us something regarding both the nature of man’s relation to 
his environment in these regions and the trend of human organiza- 
tion under conditions different from those which have governed 
its growth in other parts of the world. 

By reason of the fact that the great civilizations which have 
most definitely influenced the progress of modern life have origi- 
nated in the Old World, there has been a tendency to neglect the 
abundant historical materials represented over a considerable por- 
tion of the American Continent. But it is only in recent years 
that we have come to realize the true meaning of world history, 
and to understand that even in Europe and Asia the events upon 
which our attention has been focused represent only a small part 
of the story of the growth and progress of mankind. It is prob- 
ably true that coming generations will look more and more to the 
story of the Americas as playing an important réle in furnishing 
materials needed for interpretation of the nature and method of 
growth of human organization. 
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There can be no doubt regarding the great importance of secur- 
ing from the records of history and prehistory available in America 
every particle of evidence which may be useful in the interpreting 
of the story of this region as a whole. The mutual understanding 
and support of all the interests and peoples involved in this study 
will ultimately give to each investigation and to each locality the 
largest possible measure of result. The furtherance of such a rela- 
tion will of necessity involve that close friendship and cooperation 
so essential to success in all major human endeavors. It will not 
necessarily imply elaborate organization or the devotion of great 
energy to the preparation of plans. The essentials are: First, a 
clear view of the philosophic significance of the subject and the 
wider scope of the field; and, second, intensive effort in the de- 
velopment of specific projects in the different countries, each piece 
of work being considered in the light of its importance for under- 
standing of the large problems. 


SOME ASPECTS OF COOPERATIVE RESEARCH 
IN HISTORY 


HE materials presented in the following paper originated 

from examination of a research opportunity in which certain 

peculiarities of the situation made necessary a special mode 
of attack. Importance of relationships developed among the 
various subjects used in this type of investigation has suggested 
that a discussion of methods of work applied might be useful for 
other fields of historical study. 

The special problem in this investigation concerns methods of 
research used in studies on history of the Maya people of Middle 
America. The region involved includes southern Mexico, Guate- 
mala, British Honduras, and Honduras. Although perhaps not 
comparable to the greater civilizations of early periods in the Old 
World, the Maya culture evidently illustrates the highest level 
attained in America before advent of Europeans. The time 
covered in development of the Maya civilization extended over a 
period of at least two thousand years. The results of work done by 
this people are seen now in huge groups of ruins comprising splen- 
didly constructed and beautiful buildings assembled in what may 
be called cities. In many places these remains are so numerous 
that from the highest structures in one group there seems almost 
always to be in view another city of similar type. The general 
planning of the cities, the stonework, sculpturing, architecture, 
painting, the hieroglyphs, and the highly developed calendar are 
each and all so interesting and important as to demand attention 
among the important contributions of early time. It is often re- 
marked that could certain of these ruins be transported in their 
entirety to an area within the environs of New York, Paris, or 
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London, they would be objects of special interest, even alongside 
the extraordinary achievements of modern time. 

As a living, constructive influence Maya civilization has disap- 
peared. Largely the jungle has swallowed the shattered ruins, and 
one tends to think of this extraordinary story as finished. But in 
whatever way one views the picture, we must look upon this adven- 
ture in human culture as among the most interesting experiences 
of mankind. In making comparison of what was done in the Maya 
area with achievements of the human race in other parts of the 
world, one is impressed with the idea that this civilization developed 
largely in isolation from the Old World. There may have been con- 
nections, but in the main this effort was independent of what was 
being done in creating the great cultures of the Old World. 

A story so spectacular as that of the Maya naturally attracts the 
archeologist, who directs his interest toward interpretation of the 
wrecks of buildings and the ruins spread widely over the land- 
scape. But in undertaking systematic study of this region with a 
view to obtaining an understanding of the people, their major 
interests, and the evolution of their culture, we cannot avoid being 
impressed by the difficulty of extracting from heaps of stones 
covered by the jungle the story of a people whose skill and art, 
whose ideals and aspirations, were realized in considerable part 
through these inert materials, upon which the imprint of their cul- 
ture has been stamped. At once one asks: in attempting to inter- 
pret the story of this people, what aids can be obtained in addition 
to the regulation methods of archeology? This isin effect the prob- 
lem presented in the following comments. 

In reviewing the materials available for interpretation of Maya 
history, we find at least two groups of data of great importance in 
addition to those obtained from the archeological record. The 
method represented by the first group involves study of the descend- 
ants of the ancient Maya, with a view to obtaining, through ex- 
amination of what is inherited, some appreciation of the point of 
view of the earlier generations. As the Maya civilization has 
practically vanished, we somehow receive the impression that the 
people themselves are gone, but there are several hundred thousand 
Maya now living in Yucatan, and more than one million in Guate- 
mala. These are in general terms descendants of the race that 
built the temples and the cities. But the people of these regions 
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today are presumably not exactly similar to the Maya of one 
thousand or two thousand years ago; one assumes that they have 
changed somewhat in physical characters and certainly in the 
cultural values utilized. On the other hand, it may be true that 
much of the physical, and a considerable part of the cultural, 
makeup of the Maya today either duplicates or copies closely the 
characteristics of their ancestors of early time. At any rate, these 
people of today are an outgrowth of such a nature that we may see 
through them something of the type of the builders of the early 
civilization. 

A second group of facts with which one may properly deal in at- 
tempting to learn something of the origin of the Maya civilization 
is found in study of the environment in and through which the 
culture and civilization developed. In general, the Maya today are 
found in the region occupied by the ancient civilization. There 
have been migrations back and forth, but the physical and bio- 
logical aspects of the area seem closely similar to those of the region 
occupied by the ancient Maya. It is therefore important to know 
the nature of this environment sufficiently well to permit obtaining 
an appreciation of the influence of these surroundings upon the 
people now and through past ages. 

Study of the influence which environment may exert upon human 
life is always a difficult problem, but there are many features which 
give valuable information regarding our dependence upon environ- 
ment, and others in which the general effect of the surroundings is 
clear, although we do not yet know the details. One may not ques- 
tion that the Maya were dependent upon the physical and biological 
elements of their environment for food and raiment, and for many 
of the smaller things of life which, like our luxuries, perhaps seemed 
essential once habits of living were developed. The Maya were 
dependent upon their immediate surroundings for the stones out 
of which their buildings and carvings were formed. We know also 
in general the extent to which these people were limited by water 
supply, and the means which they were obliged to use in order to 
meet their wants. 

The representation of wild life in the environment seen in orna- 
mentation and art of the Maya expresses a relation in the thought of 
these people to the features of their surroundings. So we see forms 
of the rattlesnake, the jaguar, and many other creatures, appearing 


COOPERATIVE RESEARCH IN HISTORY 1991 


frequently. How far such illustration of the living things in their 
environment may have reflected their philosophy and religion we 
do not know, but these are problems to be considered in examination 
of the factors influencing life of the people. 

One will appreciate the significance of environment and its 
influence in attempting to make acquaintance with the natural 
world in which the Maya live today. This is suggested in examina- 
tion of the long series of natural objects, materials, and phenomena, 
from study of rocks and minerals through biology to consideration 
of the general grouping of natural features in different regions. 
In such a research it is necessary to have cooperation of representa- 
tives from many fields of science. 

So in approaching problems concerning development of the Maya 
civilization, it is desirable to utilize every factor which bears upon 
possibilities of origin of this culture, commonly considered as 
largely, if not entirely, an American product. Instead of depending 
upon possible sources in other and earlier civilizations, one looks 
more closely at the materials out of which through the ages charac- 
teristics of Maya civilization may have developed. We expect 
archeology by its methods of attack to give us the means for 
working out the successive stages of culture. Such studies will 
include stratigraphy of the cities, buildings, and débris heaps, and 
comparison of ceramic types together with development of artistic 
and other cultural features. 

We expect a study of the Maya people of today to give us some 
understanding of the types that developed through the past 2000 
years. In this investigation we shall be aided by the representa- 
tions of human beings found abundantly in sculpture and painting 
on the ruins. In this part of the research we need every contribu- 
tion that can be made by anthropology, nutrition, ethnology, 
medical history, the study of language, sociology, government, and 
religion. The analytical and synthetical study of results should 
furnish us much information which, taken with the archeological 
record, may contribute toward understanding the story of develop- 
ment of the people themselves through the known period of their 
history. 

Through scientific examination of the environment in all the 
phases by which we may investigate it, we should expect to make 
acquaintance with the matrix in which the people live today, their 
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dependence upon it, and their reaction to it. The data thus 
secured, taken with those from archeology and study of the people, 
will go far toward informing us regarding the resources upon which 
the Maya drew for maintenance of life, and concerning some of the 
factors as well which influenced their intellectual and spiritual 
being. 

It is important here to repeat that had the Maya civilization been 
nearer geographically to that of western Europe, or had it been 
closer to known civilizations of the Old World, the study would at 
least have appeared more simple. But isolated as the civilization 
has been, and growing up, as it seems to have done, in this isolation 
through the period of its development and its decline, there is pre- 
sented a problem showing elements of exceptional difficulty as well 
as of unusual interest. Hence the reason for attack from all 
directions in order to secure information bearing upon the origin 
and development of this cultural unit. 

It is desirable in this discussion to note also that one of the 
critical factors in an investigation of the type described concerns 
holding of the various investigations to a cooperative program for 
accomplishment of a specific purpose. It might be easy to lay out a 
plan and to initiate a large number of investigations, including 
those in the fields of anthropology and ethnology together with a 
study of the physical and biological features of the environment, 
and yet accomplish little in the way of interpretation of the evolu- 
tion of this people. A series of important monographs might then 
appear in geology, mineralogy, biology, physical anthropology, 
linguistics, social problems, religion, and other subjects, and yet 
these statements worked out in detail might fail to converge upon 
the problem of history and development of this civilization. One 
of the most difficult problems arises through need for presenting 
evidence of relation between those studies in the field of what we 
call the sciences, perhaps more specifically the natural sciences, and 
the problems which are recognized as human, as in sociology, art, 
and religion. The test comes finally in the result of conferences 
involving all of the elements, with a clear effort expressed by each 
group to contribute toward a synthetic study, rather than to secure 
from the mass of available information data which might be useful 
to specialists in their separate fields. 

Tests of methods suggested for study of the Maya problem will 
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be found in concrete application of the various kinds of researches 
to special questions in which it is desirable to utilize several points 
of view. Although it has not yet been possible to obtain final 
results on many of the questions investigated, it is feasible to use 
several types of problems as illustration of the method. One of 
the questions in Maya history which has been most intensively dis- 
cussed relates to the assumed practical disappearance of the Maya 
civilization as a living, progressive moment. This inquiry is some- 
times confused with the question, ‘““Why did the Maya disappear?” 
As has already been indicated, the Maya have not disappeared as a 
people or arace. The civilization as a vigorous, unified movement 
has, however, largely vanished, and is represented in the main by 
relics constituting the materials toward which the study of Maya 
history is directed. 

Among many suggestions made regarding some of the major 
changes in Maya history there may be listed: (1) the possible 
influence of variation in climate upon development of the people 
and their civilization; (2) the possible influence of modification in 
physical and biological features of the region such as might mate- 
rially affect the environment or setting of the people and their cul- 
ture; (3) a suggestion has been presented by those who think of the 
possible influence of disease in destroying the people and in inter- 
rupting activities which produced the civilization; and (4) another 
possibility regarding which there has been discussion is presented 
by the idea that wars, either between divisions of the Maya group 
or between the Maya and outside peoples, may have been responsi- 
ble for destruction of the civilization and of a considerable part of 
the population. 

In considering the significance of suggestions such as those listed 
with reference to change or disappearance of the civilization, it is 
important to note that neither the Carnegie Institution, nor perhaps 
any other agency in this country, would find it possible to answer 
all of the questions which might be raised without arrangement for 
staff activities involving cooperative researches. The general plan 
of operation of the Carnegie Institution relative to study of the Maya 
has involved, first, the organization of a small but highly competent 
staff representing the active body in prosecution of researches in this 
field, and, second, bringing into cooperation representative investiga- 
tors from various agencies for researches in which expert judgment 
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is needed for study of problems on which the Institution staff is 
neither highly trained nor widely experienced. 

The possible effect of change in climate as a factor influencing 
migration, variation of population, and limitation in development of 
the civilization must receive careful consideration before it is either 
recognized as a probable factor or eliminated as without significance. 
As has been pointed out by Ellsworth Huntington in his volume on 
“The Climatic Factor, as Illustrated in Arid America,” climatic 
changes of moderate extent might have marked effect on the geo- 
graphic location of the Maya people, or upon the means of subsist- 
ence and therefore indirectly upon their health, or upon development 
of those cultural factors which underlie the growth of a civiliza- 
tion. Although much has been said regarding the climate of Middle 
America during the known period of Maya history, we have yet to 
determine with certainty the actual climatic variations which oc- 
curred within the region in that particular time. The answers to 
questions raised regarding this problem will be obtained only by the 
cooperation of a considerable group of students, among whom some 
of the most important will be those who, like Dr. A. E. Douglass, 
devote themselves to study of climatic variations and their influence 
both for the earth widely and in particular regions. The data re- 
quired will involve studies of earth climate as derived from investi- 
gation in the fields of geology, paleontology, general biology, and 
certain special phases of meteorology. Even after the questions 
regarding climatic change have been answered, there will still 
remain need for study of the influence of such changes on life of the 
people. 

The effect of changes in physical features of the Maya area would 
not improbably begin with study of the history of agriculture with 
particular reference to soil conservation. Fortunately, investiga- 
tion of problems of this nature is now being advanced actively by 
many agencies of the federal and state governments in the United 
States, and by numerous research institutions in this and other 
countries, so that we shall soon be able to interpret the evidences 
of human influence on the soil, in this and in past periods, and the 
bearing of such changes upon human activities. There has been 
much discussion concerning the possibility of moderate changes 
in physical conditions such as might have been brought about by 
the influence of a particular system of agriculture on the site of the 
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ancient Maya city of Uaxactun, in the jungle of Peten, Guatemala. 
Extensive logwood swamps in the immediate vicinity of Uaxactun 
have been interpreted as possibly representing filled basins of shallow 
lakes. It has been thought that perhaps a system of agriculture 
used by the Maya tended to bring about the silting up of lakes, 
which would mean at the same time elimination of an important 
water supply and the loss of easy means for transportation. There 
is now under investigation the nature of the deposits in the shallow 
basins and the relation of these deposits to the soil covering of the 
surrounding region. Such a research as is suggested would involve 
a wide range of knowledge, including geology, soil erosion, the 
accumulation of deposits in shallow basins, and the relation of all 
of the data available to what we know of the history of agriculture 
as it is influenced by soil changes. 

Another aspect of the discussion relating to change of physical 
features through the ages, as bearing upon the development of 
civilization and life of the Maya people, concerns the question of 
volcanic activity, both as a local, destructive factor and as a source 
of materials which might be distributed over wide areas. Cata- 
strophic volcanic eruptions might cover areas of considerable extent 
with ashy material, not only destroying life and interfering with agri- 
culture, but driving out the surviving remnants of the people. There 
has been much volcanic activity in parts of the Maya region; but 
we have yet to know the full story from the point of view of vol- 
canology, geology, seismology, and allied aspects of science. We 
have also to learn the historical aspect of this story with special 
relation to the development of cultures of the Maya area. A large 
field for investigation is opened; the cooperation of careful workers 
from many fields of science will be needed, and there must be cooper- 
ation also of many representatives both from study of agriculture 
broadly and from the field of history in the sense of dating the 
sequence of eruptions and estimating the amount of damage done 
at particular stages of activity. 

Another phase of the general problem of change in physical and 
biological features is one intimately related to development of what 
is known as milpa agriculture. This comprises many types of 
investigation in the field of agriculture, soil study, geology, and 
biology. The results of felling the forest followed by planting of 


corn giving a large crop the first year, a smaller crop in the second 
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year, and a much reduced yield in the third year have led to various 
interpretations of what occurs. According to one view, the soil is 
impoverished and the size of the crop diminishes rapidly. Accord- 
ing to another view, the soil is not so distinctly impoverished, but 
development of weeds takes place rapidly after the first year, and 
the corn is crowded out largely by the more vigorous and rapidly 
growing weeds. The solution of this problem involves soil study 
from various angles, including the chemistry and impoverishment 
of soils. With these physical and chemical studies there must 
be careful investigation of relations among the elements of plant 
life in the region occupied. 

The effects of disease through possible destruction of considerable 
sections of the Maya people, and as an influence tending to initiate 
migrations, we have yet to understand fully. One of the most 
interesting studies made on a problem in this field has been carried 
out through cooperation with the Harvard Medical School. The 
results have given us much of interest both with reference to life 
of the people today and as suggestion concerning their history in 
past periods. As these studies advance, and are fitted to what we 
know of other problems of human biology and of environment, they 
will unquestionably furnish much of importance concerning the 
history of the Maya people and their civilization. 

Closely related to discussion of medical history of the Maya are 
certain researches which might be called anthropological or may be 
classed under nutrition. In this field would be the work of Dr. F. 
G. Benedict, of the Carnegie Institution of Washington Nutrition 
Laboratory, through which we have obtained extraordinarily valu- 
able records concerning the physical condition of the people, in- 
cluding temperature, pulse, blood pressure, metabolism, and other 
important factors. With this work have been connected the studies 
of Dr. Morris Steggerda, who has examined practically the whole 
range of Maya foods, and has worked in cooperation with Dr. 
Benedict on the food values. 

Still another phase of study relating to the physical condition 
of the people is that of Dr. T. J. Hill, of Western Reserve University, 
who has made careful study of dental features and conditions with 
special reference to the characteristics and history of the people. 

If war be considered as a special factor influencing development 
of the Maya civilization, one may expect to obtain much of critical 
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importance as the record develops. But the story of these human 
activities will be one of the last to be read fully and clearly. Never- 
theless the history of migration and conquest must be recognized 
as among the most important subjects for investigation in this field 
of research. The influence of wars between groups of the Maya we 
know to have been important, and also of great significance has 
been the conquest of Maya people by their neighbors. Through 
this factor there developed change of culture due to superimposing 
another type upon typical Maya characteristics, as is illustrated so 
well at the ancient city of Chichen Itza, in Yucatan. 

The study of wars will involve problems of government, and also 
the careful examination of cultures and governments of contiguous 
countries. ‘This is in itself a question of tremendous importance, 
making necessary the cooperation of many institutions. 

Groups of studies which are closely related, but which are carried 
on under auspices in some measure separate, are found in the re- 
searches on anthropology conducted by specialists from the Depart- 
ment of Genetics of the Carnegie Institution, the Nutrition Labora- 
tory of the Carnegie Institution, Harvard Medical School, and 
investigators from the Department of Anthropology of the Univer- 
sity of Chicago. These studies collectively give an extremely 
interesting picture of the people as they are today, with some sug- 
gestion as to what might be considered racial characters extending 
back into remote centuries. 

The studies in Janguage carried on by Dr. Andrade, of the Uni- 
versity of Chicago, and Mr. Tax, of Carnegie Institution, have 
brought together materials of great interest in the field of linguistics 
as a separate subject, but having also important bearing upon origin 
and migratory movements of the Maya. It has been shown, for 
example, that certain variations in language are related to geo- 
graphical separation, and further studies may be expected to 
contribute much more of importance in this field. There is also 
under consideration the relation of language to present govern- 
mental organization and to social differentiation. 

The sociologic and economic features of the Maya today have 
been the subject of extremely interesting and important investiga- 
tions by Dr. Robert Redfield, of the University of Chicago, aided by 
Alfonso Villa, who at the beginning of Dr. Redfield’s studies was 
the schoolmaster in one of several villages made the object of careful 
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research. The sociologic studies have included research intended 
to give a clear picture of at least one village of the Maya maintained 
in nearly primitive condition, and with this the examination of 
others which either are in direct contact with European civilization 
or illustrate intermediate stages. The story of the Maya of today 
in the sociologic and economic sense naturally relates itself closely 
to government, and is certain to give important information bearing 
upon organization and government of the Maya cities of ancient 
time. In this connection it is desirable to note that library and 
archive studies on the history of the Maya beginning with the date 
of the Spanish Conquest, and leading up to the present time, have 
contributed extremely valuable information bearing upon the socio- 
logic, economic, and governmental characteristics of these people. 

Referring again to the features of natural environment, it should 
be noted that work has been initiated in practically all fields of 
science touching this subject, beginning with geology and its 
information regarding building stones and water supply, and 
leading up through zodlogy, entomology, and botany to discussion 
of the life of the region considered by groups or units, rather than as 
entirely isolated elements. The method of approach in these re- 
searches is still new and it is important first of all to make sure that 
the picture is scientifically correct before attempting to utilize the 
data for interpretation of human history. But with due attention 
given to the fact that such investigations are for the purpose of 
securing information regarding the civilization, it is to be expected 
that much will be obtained. 

Interesting illustration of a type of problem in this inquiry re- 
garding the background of nature is found in the study of myriapods, 
or many-legged worms, and their relation to primeval forests. On 
the assumption that certain types of myriapods are found only in 
primeval forests, one might expect that mapping of myriapod groups 
would furnish information as to whether certain forested areas of 
the present are primeval, or whether they are new growth in areas 
once cut over, and perhaps used for agricultural purposes by the 
ancient Maya. 

Considerable time will elapse before synthesis of the materials 
now being gathered can be expected to furnish a satisfactory picture 
of development of the Maya race and its civilization. It is, how- 
ever, a matter of great importance to know the meaning of this 
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particular human experience, representing as it does one of a few 
great opportunities available for learning what human beings may 
do in growing up through a natural environment to what we call 
a high level of civilization. It is extremely desirable to have this 
aspect of human behavior worked through to a clear understanding 
regarding the capacity of human kind. Difficult as the problem 
is, it is sufficiently critical to warrant concentration of scientific 
effort from many directions upon interpretation of the data. 

The value of the experience in Maya history is, of course, first of 
all important to the descendants of this people still living in the 
region. It is interesting to note the extent to which the Maya 
look upon their past as holding the story of many things which 
may be significant in their life today and in the future. Also we can 
be sure that the world as a whole would benefit greatly by knowing 
fully this fascinating history. In advancing the study it has been 
of much advantage to have for the people of Middle America 
cooperation in all aspects of science and of knowledge broadly, 
through all institutions and all countries from which effective 
contribution can come. 

One aspect of the study of the Maya to which attention is also 
being given represents another peculiarly interesting relationship, 
namely, the contact of an original American civilization with a 
great civilization and culture from western Europe, as represented 
by the Spaniards. The contact of these two groups presents a very 
significant episode in the history of the world. Fortunately, there 
have been relatively few complicating elements or features to in- 
fluence the subsequent interaction. This is an exceptional op- 
portunity to learn something of the way in which different cultures 
affect each other through years of interaction. 

Sometimes in contemplation of this whole story of the Maya I 
am impressed by the fact that the way in which certain aspects 
of culture grew in that country illustrates the manner of growth 
of knowledge and science. In many Maya buildings growth was 
by addition of layer upon layer, with different aspects of culture 
and art represented in different structural levels. So each stage 
is the foundation for a subsequent step, in which often there was 
advance or improvement. As we now see the picture, this is the 
method of advance of science, and broadly of knowledge. So, 
among the various reasons for this work, it seems desirable to 
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follow out the steps in development of this civilization to see what 
it may tell us regarding the nature of man as illustrated in the 
methods of his advance. 


We may never obtain a sharp picture of human history, and 
perhaps we shall never have clear vision of those movements some- 
times described as the steps in human evolution. But the message 
of the past collectively is of enormous importance to us, since 
actually we are in the main expressions of the past, with only a 
little that we contribute ourselves. At least we should know 
what the nature of past movements has been, in order to guide the 
future course of human development with some measure of intelli- 
gence. 

Approximately a century ago, while on the voyage of the Beagle, 
Darwin saw a historical succession of life types in geological forma- 
tions of South America, with a vision of its relation to the distribu- 
tion of organisms. This picture ultimately translated itself into 
what we now call the general theory of life development, or evolu- 
tion. I think often of the possibility that another notable day may 
come when to someone a new vision of the human story will appear, 
presented with such brilliant and artistic picturing that we shall see 
human history as offering for our inspection the most impressive 
spectacle in the field of knowledge. 
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THE GEOLOGICAL WORK OF PROFESSOR 
JOSEPH LE CONTE 


ROFESSOR LE CONTE seems to have been first attracted to 
Pp geological work by coming in contact with Dr. James Hall, 

the famous leader of the earlier geological school in this 
country. Up to the time of his first meeting with Hall, he had 
shown interest in geology, but was principally concerned with prob- 
lems belonging in other branches of science. Though the first 
great stimulus to this work was received from Hall, his career in 
this field really began after his interests became identified with 
those of the University of California. The greater number of his 
contributions to geological science, both descriptive and_philo- 
sophic, are based upon observations made on the Pacific Coast. 

Professor Le Conte’s work was in general the study of the greater 
problems in geology, rather than the description of isolated phe- 
nomena. He never mistook the geological symbol for the thing it 
represented, and he was never misled by anything foreign to the 
problem he sought to solve. 

Though not generally considered a field geologist, he made ex- 
tensive excursions to the regions of greatest interest on this coast. 
A considerable part of the Sierra range was explored by him, and 
his mountain study was carried north into Oregon and Washington. 
On his summer excursions he was not infrequently accompanied by 
students from his class in the University. 

Although his greatest interest seems to have centered around 
problems concerning the relation of the greater physical changes, 
especially crustal movements, to the evolution of the organic 
world, he furnished important contributions to nearly all branches 
of geology. On the purely mineralogical or chemical side, we find 
him adding to our knowledge of metalliferous veins and he is gen- 
erally recognized as one of the authorities on this subject. On 
the physical side he interested himself in the carrying power of 
water, and in the exact study of earthquake waves. In palaeonto- 
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logical work his description and discussion of the famous Carson 
footprints, which was actually the first on that subject to be com- 
pleted, is a truly remarkable piece of investigation. Much of his 
most important work was in the field of general inorganic geology. 
Here he contributed largely to the literature on the origin and 
formation of mountains, the evolution of continental masses, the 
permanence of continents and ocean basins, movements of the 
earth’s crust and their causes, the great lava flood of the north- 
west, Mono volcanoes, and the glacial geology of the Sierras. He 
was also an active worker in historical geology, and some of his 
latest publications on critical periods in the earth’s history, and the 
Sierran (Ozarkian) epoch, open practically new territory for 
research. 

The work which Professor Le Conte accomplished in geology 
shows throughout a conception of relations of the various branches 
of natural science to each other such as has been possessed by but 
few. ‘To the close of his life he kept himself perfectly informed on 
all the important work being done in the natural history sciences, 
and owing to his wide field of vision he was frequently able to de- 
termine at a glance the proper relation of things, which others, 
limited to a narrow field, could not possibly discern. This is shown 
very frequently in his combination of the good points of several 
quite different theories bearing on the same subject. Many of his 
contributions, more especially those on critical periods in the 
earth’s history, show just such a grasp of the whole subject of 
geological and biological sciences. In this work he called attention, 
as had never been done before, to the effect of complex physical 
changes such as critical movements and modifications of climate on 
the progress of organic evolution. 

Through all of his contributions to historical geology, there runs 
as the central idea the theory of organic evolution. The fossil 
forms preserved to us from the past periods were not considered 
by him simply as curiosities which were interesting because they 
happened to appear strange to us, but rather as the sacred remains 
left by a countless succession of generations which has passed to 
us, along an unbroken chain, the principle or germ of life. Prob- 
ably no other writer in the field of historical geology has made such 
successful use of the evolutionary or narrative style of the treat- 
ment of the subject. Though Professor Le Conte ascribes the 
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first use of this method to Dana, it is probably true that his own 
work had great influence in finally bringing Dana to the point 
where he could unreservedly accept evolution as based on actual 
historical succession. In his later lectures and discussions of the 
theory of evolution, to which he has contributed so much, he 
placed the strongest emphasis on what has been rather than on 
what might be. 

In his intercourse with other scientific men Professor Le Conte 
was always helpful, sympathetic and appreciative. He always 
gave freely of his store of knowledge in assisting others to solve 
problems which refused to yield to them. Though he engaged in 
many discussions with those whose views differed from his own, he 
made no enemies. Always respecting others’ opinions, whether he 
accepted them or not, he was ever held in the highest respect and 
esteem by geologists of all lands. In recognition of his services to 
geological science, Professor Le Conte was honored by election to 
the highest positions which the science associations of this country 
could confer. He served as President of the American Geological 
Society, and of the American Association for the Advancement of 
Science, and had been Vice-President of the International Geo- 
logical Congress. 

As far-reaching and as lasting as Professor Le Conte’s influence 
may be seen to be among the men of his profession, it will probably 
not exceed that which he has exerted on the world at large in the 
capacity of instructor. In his own classroom at the University of 
California during more than thirty years, he presented to interested 
audiences the best that there is in his subject. Such was his 
power of explanation and description in the lecture room that the 
most difficult problem seemed absolutely to melt away, and often 
hearing him on such subjects students have been known to state 
that an explanation seemed hardly necessary, as the matter was so 
easily understood. Through the medium of his text-book, “The 
Elements of Geology,” he has covered a vastly larger field than 
could be reached in his lectures. Probably no college text-book in 
science has been more widely used in this country than “The Ele- 
ments.” Certainly there are none which present in a simpler or 
more attractive form the elements of any science. His treatment 
of the subject was, when his book first appeared, in many respects 
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essentially new, and almost for the first time it was made clear that 
geological history is only the earlier part of history in general. 

With the passing of Professor Le Conte, geologists lose a great 
contributor and leader, and the world loses a great teacher. Others 
may arise who in scientific attainment in this particular branch of 
research will perhaps stand in the same rank with him, but it will 
be long before we find again in one man that combination of qual- 
ities which has made Professor Le Conte not only one of the most 
successful gatherers of knowledge, but also one of the foremost 
teachers. 


DOCTOR WALCOTT AS A PALEONTOLOGIST, AND 
HIS RELATIONS WITH THE CARNEGIE 
INSTITUTION OF WASHINGTON 


F MANY relationships to Doctor Walcott those which I shall 
cherish most in memory are the two concerning which I 
am privileged to speak on this occasion. One relates to 

the closely binding tie of common interest in a fundamental sub- 
ject of research to which his life and mine have been in part de- 
voted, namely, the real significance of the paleontological or life 
story. The other concerns one expression of Doctor Walcott’s 
interest in creative work, as illustrated in his twenty-five years 
of service as an organizer and leader in the program of a research 
agency with which I am connected, that is, the Carnegie Institution 
of Washington. 

It was a mutual interest in the importance of paleontological 
problems that brought about my first conference with Doctor Wal- 
cott. The discussion related to the future of research on the his- 
tory of life in America. It was by reason of our common interest 
in application of research results for the benefit of the people that 
I worked with Doctor Walcott on many enterprises of national 
scope. It was through a realization in my mind, as in Doctor 
Walcott’s, that the lesson of evolution of the living world suggests 
the importance of continuing investigational or creative effort, 
that I came into continuing touch with administration of research 
problems. 

Doctor Walcott’s personal contact with research questions, his 
effective practical grasp of methods of investigation, and his recog- 
nition of the meaning of creative effort in terms of human service, 
made him a critical figure in the initial planning, as through all 
stages of organization and development, of the Carnegie Institution. 
The statement in the charter of the Institution defining its pur- 

Address at memorial meeting for Charles Doolittle Walcott, January 24,1928. “Charles 
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poses, which reads—“‘to encourage in the broadest and most liberal 
manner investigation, research, and discovery, and the application 
of knowledge to the improvement of mankind’’—expressed the 
specific interest of Doctor Walcott in this agency. 

As one of the original incorporators and a member of the first 
Board of Trustees of the Carnegie Institution, Doctor Walcott 
served continuously from the time of organization until his death. 
He was its first Secretary, was a member and Chairman of the 
Executive Committee, and Vice-Chairman of the Board. As a 
member resident in Washington his advice and counsel played a 
large part throughout the twenty-five years of his membership. 
His wide contacts with government departments, universities, and 
research agencies of all types, his exceptional range of interest in 
the various fields of science gave him a point of view and a quality 
of judgment of inestimable value. The Institution owes much of 
its accomplishment to his conscientious adherence to a program of 
high ideals based upon practical, intensive study of facts. 

I know that I express the wish of the trustees, directors, and 
members of the staff of the Carnegie Institution in voicing on this 
occasion our heartfelt gratitude for Doctor Walcott’s contribution 
in the building of many departments, as Mount Wilson Observa- 
tory, Geophysical Laboratory, and others, and his assistance and 
advice on nearly all of our greater projects. 

The major research efforts of Doctor Walcott’s life were directed 
toward the earlier portion of the historical record of the earth. 
Though he contributed much toward our understanding of general 
geological phenomena, his interest centered upon the earlier chap- 
ters of the history of life. 

One source of Doctor Walcott’s power in research lay in his 
never losing sight of the fact that there is really only ove history, 
which includes the record of physical phenomena and the relation 
of the story of life to the sequence of events in their environment. 
Whether he happened to be concerned with determining the se- 
quence of strata necessary as the guide to succession of events in 
time, or with interpretation of great gaps or erosional intervals 
between such series, or with details of structure in any of the many 
groups of trilobites or other invertebrate animals which he loved to 
study, there was always before him the idea that the facts fitted 
into ove scheme of interlocking events in earth history. 
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As another aspect of the attitude toward his subject which gave 
Doctor Walcott exceptional power in furtherance of the study of 
his subject, one may note that he had at the same time a reputa- 
tion as a collector with rare penetration of vision, and as a general- 
izer with almost superhuman judgment as to where in the geological 
or geographical scheme of things new data would have exceptional 
interpretive value. The relation between these two characteristics 
expresses in a manner the breadth of his view and the keenness of 
his perception. He found types of life new to science in unex- 
pected places, not because of luck or mere persistence. His suc- 
cess was partly due to exceptional keenness and alertness, but 
largely to his having a picture of the kind of thing that it would be 
important to find and of the place where if found, it would be es- 
pecially significant. 

This is not the time or place to discuss in detail the contributions 
Doctor Walcott made to the study of the early life of the earth, as 
to the structure of ancient animals, their biological classification, 
their faunal grouping, or their succession in time. It is, however, 
important to note that in all of these aspects of the problem his 
accomplishments belong in the first rank of the world’s researches. 
In studies ranging from a fundamental investigation of structure 
and habits of many groups of trilobites and other crustaceans, of 
the mollusca and the mollusk-like brachiopods, the early coral-like 
forms, the simple protozoa, and the bacteria, his work was of the 
pathfinding type. 

In the whole range of researches of the world Doctor Walcott’s 
studies of the earliest known assemblages of life, and his working 
out of the facts relating to the earliest traces of life upon the earth, 
constitutes the most important single contribution. It marks his 
greatest achievement in contribution to knowledge and to con- 
structive or interpretative thought. 

In his work on the “Origin of Species,’’ Charles Darwin gave large 
value to certain evidence against his theory of evolution which is 
presented by the earlier part of the geological record of life. With 
that perfectly balanced judgment which characterized his work, 
Darwin discussed the fact that a full representation of highly de- 
veloped and widely differentiated life beginning in the formations 
known as the Cambrian at the bottom of the geological column, 
did not give the picture of beginnings of life that his theory of 
evolution seemed to require. Darwin considered (to quote his 
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words) that “The difficulty of assigning any good reason for the 
absence of vast piles of strata rich in fossils beneath the Cambrian 
is very great.... The case at present must remain inexplicable, 
and may be truly urged as a valid argument against the views 
here entertained.”’ He believed, however, that many existing 
factors opened the way for satisfactory interpretation of the situa- 
tion and that it would (to quote him) “‘be about as rash to dogma- 
tize on the succession of organic forms as it would be for a naturalist 
to land for five minutes on a barren point in Australia, and then to 
discuss the number and range of its productions.” 

It was this field which Darwin considered so difficult and so im- 
portant, extending from the better understood ancient or ‘“‘Paleo- 
zoic’”” rocks through to the lowest known strata, in which Doctor 
Walcott planned his attack and made his outstanding contribution. 
His full description and interpretation of the earliest faunas, and 
his suggestions as to the significance of the preceding record, or 
absence of record, have not only given a clear understanding of 
what we see, but have led us to appreciate as well the true signifi- 
cance of those portions of the record for which we have as yet no 
complete interpretation. 

Doctor Walcott recognized that, of all the ideas in the field of 
knowledge, there is none more important than the suggestion that 
the life world as we know it in paleontological history has tended 
definitely to build itself forward from age toage. He realized that 
this principle furnishes one of the essential elements for belief in 
the possibility of continuing progress in the living world as a whole 
including man—a belief or faith which is clearly an indispensable 
ingredient of human happiness whether it be expressed in our 
philosophy, in our religion, or in the affairs of everyday life. 

But Doctor Walcott did not assume that science can present a 
complete explanation of everything that is, or was, or that will be. 
He saw the long story spread before us, as we trace the intricate 
and fragmentary records through the rocks. He understood its 
meaning to us, as have few students whose privilege it has been to 
walk back along the path of history. On the basis of his experience 
he visualized more clearly than Darwin the two terminal fields of 
our historical series—the future, of which we can judge mainly by 
the past, and at the other end the seemingly abrupt initiation of the 
living world. His effort was consciously directed toward attain- 
ment of an interpretation of the beginning of our record as we find 
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it, and on the basis of facts and reason, rather than upon purely 
mystical construction of a sequence without data. 

His work, together with that of the many others who have helped 
in the initial unravelling of the tangled threads, has shown in 
large measure the correctness of Darwin’s assumption that while 
the long record from present back to Cambrian and earlier time 
serves to define certain general principles of primary importance, 
we are not yet permitted to see the whole of the panorama. But 
this situation need not today serve as an argument against the idea 
of organic development which Darwin discussed with such marvel- 
ous honesty in presentation of argument. It means only that 
time is vastly longer than Darwin saw it, and from the wreckage of 
the most ancient stages of the world, the changing story may be 
hard to read or may perhaps have been erased completely from the 
book. 

It is not an uncommon belief that the fortunes and achievement 
of outstanding characters in history depend in large measure upon 
chance. The incident which seems to turn the trend of life, as 
we see it in the history of a great character, seems to the purpose- 
less individual an accident which provides a way not possible to 
others. But frequently the thing which seems so easily, and yet so 
oddly to open the door, merely represents one of many avenues 
which might have led to the same goal. The fact that a particular 
individual has used it to advantage is likely to be dependent in 
larger measure upon interests or attitude of mind, than it is upon 
the particular opportunity. Had he perhaps waited, with the 
stimulus of his pressing interest he might have found another way 
much easier. 

Perhaps it is merely in support of a desire to feel that the uni- 
verse is dependable, and that directed human effort may Je fruit- 
ful, that we take the view that life can be guided and determined, 
rather than be the result of fortuitous influences. 

The achievement of Doctor Walcott’s researches in the unbe- 
lievably difficult field which he chose indicates that luck comes to 
the man with penetrating vision and unceasing industry. The 
major contributions which Doctor Walcott made to the story of 
earth history, bring a deepening of our faith that in the sea of time, 
behind the froth and broken waves that may deceive us, there is a. 
moving tide—controlled by law—that we begin to understand. 
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CHAMBERLIN, THOMAS CHROWDER (Sept. 25, 1843—Nov. 
15, 1928), one of the outstanding contributors to constructive 
thinking in the geologic sciences of the past half-century, was born 
in Mattoon, IIl., the son of the Rev. John Chamberlin, a Methodist 
minister, and of Cecilia (Gill) Chamberlin. When he was three 
years old the family moved to Wisconsin where he grew to man- 
hood. In 1866 he received the degree of A.B. at Beloit College, 
and for the next two years was principal of the high school at Dele- 
van, Wis.; meanwhile, in 1867, he was married to Alma Isabel 
Wilson. He was a graduate student at the University of Michi- 
gan, 1868-69; professor of natural sciences at the State Normal 
School, Whitewater, Wis., 1870-72; professor of geology at Beloit, 
1873-82. It was while he was at the latter institution that his 
really important work began. The fact that he resided in a re- 
gion of notable glacial deposits was of great importance in the 
development of his career as a student of earth history. The cli- 
matic conditions in past ages, as revealed by traces of ancient 
glaciers, contrasted sharply with the situation obtaining to-day, 
and presented a series of questions for which no fully adequate 
answer had been obtained. His study naturally directed itself, 
first, to intensive examination of the material remains upon which 
must be based any research into the physical or climatic conditions 
through which these relics had been produced. Armed with the 
evidence secured by his investigations and stimulated by the con- 
tinually increasing complexity of the problem, he extended his 
studies to consideration of earth climates through the known range 
of geological time. 

In 1878 he made a special study of the glaciers of Switzerland. 
By 1883 he was recognized the leading American glacialist (H. L. 
Fairchild, post, p. 611). During these years he was also the assist- 
ant state geologist of Wisconsin, 1873-76, and the chief geologist, 
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1877-82. Here he had the task of publishing the results of a geo- 
logical survey of the whole state, made by himself and his asso- 
ciates, in The Geology of Wisconsin (4 vols., 1873-82). Volume I 
contained his summary of the geological history of Wisconsin, 
beginning with a discussion of the origin of the earth. The work 
attracted so much attention that a Division of Glacial Geology, of 
which he was appointed chief, was established in the United States 
Geological Survey at Washington, D. C., in 1882. He was also 
professor of geology in Columbian University, Washington, from 
1885 to 1887. In the latter year he was called to succeed John 
Bascom [g.v.], in the presidency of the University of Wisconsin. 
His incumbency fell in the period when the college of liberal arts 
developed by his predecessor was beginning to expand into the later 
university. Chamberlin foresaw the future clearly and outlined 
the policy to be pursued. In his initial year, through the founda- 
tion of eight university fellowships, he took the first formal step 
toward the encouragement of graduate study; he improved the 
law school; and in his fifth and last year he inaugurated a univers- 
ity extension movement. 

In 1892 Chamberlin was appointed head of the department of 
geology and director of the Walker Museum in the new University 
of Chicago. Here he remained until his death, becoming professor 
emeritus in 1919. In 1893 he founded the Yournal of Geology of 
which he was editor-in-chief until 1922 when he became senior 
editor. In 1894 he accompanied the Peary Relief Expedition. In 
1897 he published his first non-glacial paper, “A Group of Hypo- 
theses Bearing on Climatic Changes,” which contained the germ 
of his later “planetesimal hypothesis.” In 1898 he outlined in 
“The Ulterior Basis of Time Divisions and the Classification of 
Geologic History” a line of approach which was to culminate in 
“Diastrophism as the Ultimate Basis of Correlation” (1909) and 
“Diastrophism and the Formative Processes’ (1913, 1914, 1918). 
He discussed the nebular hypothesis in “An Attempt to Test the 
Nebular Hypothesis by the Relations of Masses and Momenta’”’ 
(1900). In 1906 he published his General Treatise on Geology, 
written in collaboration with R. D. Salisbury. In 1916 his epoch- 
making volume, The Origin of the Earth, appeared, and in 1928 
his last work, The Two Solar Families. 

“Chamberlin was regarded in the profession as without question 
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the ranking geologist of America” (C. K. Leith, in Wisconsin 
Alumni Magazine, Dec. 1928). His outstanding contributions are 
generally recognized as threefold: first, his detailed researches on 
glacial phenomena as illustrated in the relics of glaciation so widely 
spread through the northern United States; second, his investiga- 
tions of geological climates, arising naturally out of the study of 
exceptional climatic conditions in the glacial period; third, the con- 
tribution to cosmic geology represented in his “planetesimal hypo- 
thesis” of the origin of the earth. 

The trend of Chamberlin’s researches into the geological history 
of the more remote ages made necessary his inquiry not only into 
the evolution of climates, but into questions concerning the origin 
of the atmosphere itself. In examination of the variation in at- 
mospheric conditions the proportion of carbonic acid in the atmos- 
phere appeared a critical factor. Investigation of these particular 
phenomena reached beyond the study of the origin of the earth 
climates, and involved groups of inferences relating to the develop- 
ment of life under varying conditions in past periods, and the pos- 
sibility of linking a wide range of diverse elements in earth history 
through their relation to atmospheric conditions. The study of 
climatic changes and the origin of the atmosphere carried Chamber- 
lin ultimately into discussion of the dynamics of the earth, with 
problems relating to the nature and degree of regularity of earth 
movements in past time. In another direction it led directly to a 
consideration of the origin of the earth, which could be discussed 
only in association with problems relating to the development of 
the solar system. 

Always characterized by exceptional broadmindedness, and by 
recognition of the need for utilization of all available materials and 
application of every possible hypothesis for a study of each specific 
case, Chamberlin illustrated to an extraordinary degree the develop- 
ment of these qualities in his study of problems relating to the ori- 
gin of the earth. Drawing into cooperation with him a wide range 
of investigational efforts in the field of mathematics and astronomy, 
he brought practically the whole of organized study in cosmic 
physics to bear upon this interesting problem. In connection with 
these researches, special mention should be made of his long asso- 
ciation with Forest R. Moulton, whose expression of the problem 
in terms of mathematics and astronomy supplemented in an ex- 
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tremely important manner the constructive thinking of Cham- 
berlin. 

It was clear that the widely-recognized hypotheses represented 
by that of Laplace were not competent to account for the develop- 
ment of the earth and other planets, and effort was made to secure 
an interpretation which would fit the requirements of physics. The 
result was the theory that the earth and the planets owed their 
birth to the approach of another sun or star bringing about the 
partial disruption of the sun, and the expulsion of a great mass 
from which ultimately the earth was derived. This evolution was 
_defined as by way of a swarm of minute, solid particles, the “plane- 
tesimals,”’ swinging in orbits about the sun, and ultimately gather- 
ing to build the earth. Checked from every point of view, this 
became the “‘planetesimal hypothesis” of the earth’s origin. 


[H. L. Fairchild, “Thos. Chrowder Chamberlin—Teacher, Administrator, Geol- 
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Am. Four. Science, ser. V, no. 98, vol. XVII, pp. 194-96, Feb. 1929; Univ. Record 
(Chicago), Jan. 1929; Geographical Rev., Jan. 1929; Sci. Mo., Jan. 1929; Four. 
Washington Acad. Science, XVIII, 564, Dec. 4, 1928; Bull. Geol. Soc. of America, 
XXXVITI, 6-7, Mar. 1927; R. G. Thwaites, The Univ. of Wisconsin (1900), pp. 
129-40; G. F. A. Pyre, Wisconsin (1920).] 


FRANK SLATER DAGGETT 
UJ the directorship of Frank S. Daggett, the Museum of 


History, Science and Art of Los Angeles has come to exert 

an important influence in science and education in South- 
ern California. The collections representing the history of Cali- 
fornia and the southwest, and especially the splendid representation 
of the extinct life of California secured from the asphalt deposits 
of Rancho La Brea, have made the institution the object of fre- 
quent visits by large numbers of residents of California and by 
travellers from the east. The rapid development of the museum, 
the excellent organization of its collections, and the maintenance 
of a high standard of efficiency throughout the institution were in 
a very large measure due to the untiring effort of Mr. Daggett. 
Interesting and valuable exhibits representing living birds, mam- 
mals, and molluscs of Southern California were assembled under 
Mr. Daggett’s direction, but by far the most important collection 
was that representing the extinct fauna secured in the extraordinary 
asphalt deposits at Rancho La Brea on the western border of the 
city. 

Born at Norwalk, Ohio, in January 30, 1855, Mr. Daggett was 
for the greater part of his life engaged in commercial pursuits. He 
was a successful grain merchant at Duluth, Minnesota, from 1885 
to 1894, and was a member of the Board of Trade of Chicago from 
1904 to 1911. He was always deeply interested in natural history 
and from his early boyhood was engaged in the study of insects and 
birds. 

His collection of Coleoptera numbered two thousand species 
and his bird collections contained over eight thousand specimens. 
Although he published little of a technical nature his interest in 
natural history subjects was a continued inspiration to many who 
were professionally engaged in scientific pursuits, and his influence 
in the advance of natural history of the Pacific Coast has been a 
factor of much importance. 
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Mr. Daggett became the director of the Museum of History, 
Science and Art in 1911. At the time of his assuming the office, 
the building was finished, but contained no exhibits and no staff 
appointments had been made. Among the first tasks taken up was 
the securing of privileges for collecting in the Pleistocene deposits 
at Rancho La Brea. The excavations were carried on with the 
most extreme care and with all advice that could be obtained from 
those especially interested in the scientific study of the deposits. 
With the utmost precautions the great series of specimens un- 
earthed was cleaned, prepared for study, and marked as to location 
in the beds. At no stage in the handling of this great collection 
was anything omitted which might have helped to make the ma- 
terial more useful to the student of future years. Along with its 
many other contributions to science the Rancho La Brea collection 
of the Museum of History, Science and Art must always remain 
as a monument to the scientific interest and administrative skill 
of Mr. Daggett. 

It was the writer’s privilege to make the acquaintance of Mr. 
Daggett at the time of his first interest in the deposits at Rancho 
La Brea, and to cooperate with him through the whole work of the 
excavation and preparation of these collections. In these years of 
close cooperation and friendship he proved himself a man of the 
highest ideals and finest purposes in development of all that is 
most fundamental and significant in the phases of natural science 
with which he came in contact. Although Mr. Daggett’s name 
will not be known in future years by length of publication lists or 
by species described, there must be given to him a full measure for 
very significant constructive work done with much interest, with 
keen insight, and with an effectiveness which is rarely equalled. 
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REMARKS OF CHAIRMAN IN INTRODUCING 
SPEAKERS, COMMONWEALTH CLUB MEET- 
ING ON SCIENTIFIC RESEARCH 


business organization of science, it seems almost like wasting 

the time of the Commonwealth Club to ask you to give an 
hour or two to the relation of science to industrial progress. Yet 
there is a wide gap between what we call the fundamentals of science 
and the application of results of scientific investigation and research. 
Everyone realizes the value of science as soon as it can be applied, 
but no one fully realizes the value of scientific investigation before it 
has been applied. Yet we know that the great beaten paths over 
which we travel are paths which were first worked out for us with- 
out the idea that they were to be of use, and without knowledge of 
the directions in which they were to lead. 

While the human mind is always inquiring with reference to 
things new, we are naturally more or less conservative; and while we 
consider that in the past there has been a steady progress in science, 
when we look to the future we are more or less pessimistic about 
what is coming out of the things with which science is interested at 
the present time. This has always been the situation, and that is 
one of the reasons why we are bringing this subject before you 
tonight. That is to say, the things which the scientist does that 
are not of immediate practical value are very often considered of no 
particular importance to the community, evenin thelongrun. This 
is a natural position for us to take, because we are necessarily prac- 
tical, as human beings who must make a living, and we consider the 
thing which is not of immediate importance as set in a secondary 
position. 

But tonight I think it will be shown to you that we must cultivate 
all investigation, in whatever direction it leads, provided the investi- 
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gation tends to give to us some addition to the field of knowledge, 
something that is added to the border of the known. We all, I be- 
lieve, are willing to admit that the field of the unknown is vastly 
larger than the field of the known. Therefore, should we not en- 
courage those who go as pioneers into that unknown region and 
bring back the things which we are to use in the future? 

I suppose if I were to say that some of my friends have a feeling 
that the time is not far distant when we shall be able to make any- 
thing we wish out of any substance that happens to be at hand, you 
would say that is stretching the ability of the scientist. But we 
know that many men engaged in physical and chemical work have 
the idea that, having analyzed matter down to a few fundamental 
materials, the time is not very far distant when we shall be able to 
change one substance into another substance—in other words, 
transmute materials—so that any kind of matter may be made over 
into another kind of matter. I do not say that is very close to us in 
years, but it looks to many scientists as a perfectly feasible thing— 
that we may make from any substance any other substance. I 
imagine that this discovery will not be made by aman who is working 
upon this particular problem; it may be worked out by someone 
who is aiming at an entirely different mark. It will, however, be 
worked out by a scientist of broad vision, who understands the 
fundamentals of physical and chemical research methods. I sup- 
pose that if anyone were to discover a method by which we could 
turn lead into gold, or wood into gold, the economists would expect 
this to upset the whole foundation of economic organization. It 
may be that the good Lord is holding off the time of this discovery 
until we have a foundation other than the cost of gold. 

I only suggest this discovery of the process of transmutation of 
elements as an example of scientific investigation well within the 
visible limits of progress. ‘This discovery might result in something 
of enormous consequence to the world at large. 

The aim of science is to discover new principles and apply them 
in all directions. What we are attempting to do in the work of our 
committee is to tie the fundamental scientific work, which has as its 
aim the understanding and organization of nature, to the applica- 
tions for the needs of man in all possible directions. We can cover 
only a few of the principles and a few of the applications tonight, but 
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they will be covered well. The first address will be given by Dr. 
Campbell. JI do not need to introduce him. I am always pleased 
to hear Dr. Campbell, and when he gave one of his last important 
addresses I went as far as New York to hear him. I am sure 
you would be willing to go just as far if you could hear as good 
an address as I heard from him in New York. It is with great 
pleasure that I now present Dr. Campbell to you. 


It is generally said that most of the difficulties occurring among 
men in the world owe their origin to the fact that we are not able to 
bring a number of people to see the same thing in the same way. 
Universities are said to exist for the purpose of giving the broadest 
and deepest possible view of things as they are, as they have been, 
and as they are to be. I assume that it is the business of university 
professors to hold up to the eyes of their students the lens of knowl- 
edge so that they may be rid of their intellectual or mental astigma- 
tism and see things in their true position. I assume that it is the 
business of a faculty to give the students that courage of conviction 
of the man who sees things as they are and knows that things will 
stay put. Most of us when we are cowards are cowardly because of 
uncertainty. The man who goes out from the university should 
have the clear vision, and by reason of this the strength of convic- 
tion, that will enable him to take the initiative. 

Stanford University has this clear vision and stands for it. It is 
a pleasure to us to have with us its president, to talk to us concern- 
ing results of research and their application as he may see fit to 
describe them—President Wilbur. 


We look back only a few years to the time when we thought of the 
farmer as being the exact opposite of the scientist. At the present 
moment we find the agricultural schools or colleges of this country 
among the most highly organized scientific institutions; and there 
is no institution, so far as I know, that is better organized or that 
shows better the result of combination of research and its applica- 
tion than the agricultural department of the University of Cali- 
fornia, the Dean of which is to talk to us further upon the subject 
of “Research and Its Application.” 
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I think I ought to make an explanation to the Commonwealth 
Club; I went to New York to hear Dr. Campbell, I spent twenty-five 
cents on a long-distance telephone message to Dr. Wilbur, and Dean 
Hunt said I had spent nothing in securing his address. Judging 
from the curve of investment, it might begin to look as if the men 
presenting the next addresses had paid me something for the privi- 
lege of speaking. Of course, the members following me will not say 
anything about this matter. I only wish to say that I have not 
received anything from them. If it should be proved that anything 
has been paid to me, I am going to dedicate that fund to science. I 
also wish to remark that Dr. Wilbur and Dean Hunt did not tell me 
they were going to talk in New York, but if I have the opportunity 
I am going just as far as I can to hear them. 

The members of the committee have worked hard in bringing to- 
gether a number of reports which are to be published in full in the 
proceedings. It is not possible to present full reports here tonight, 
but five members have been asked to present brief statements of 
results that have come from their work. 

Dr. Whipple represents a very important kind of research work, 
in medicine, about which he is going to tell you; I take pleasure in 
presenting him to you. 


I sometimes think that the field for investigation about which 
the average man knows least is the sea. We live on the borders of a 
great sea or a great ocean which extends out for thousands of miles, 
and down for thousands of feet. Some few of us may perhaps go 
out upon it, may dive down for a few feet, and we may open our 
eyes and look around and see something of it; but most of us know 
practically nothing about the almost fathomless depths of the ocean, 
and the life in it. JI am going to ask Dr. Evermann, a member of 
the committee, to say something about the fishery problem, in such 
time as is available to us this evening. 


The relations between science and its applications in engineering 
are so numerous that we might well have many meetings to discuss 
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this aspect of the problem. We have three brief reports to present 


this evening, the first of which will be by Mr. Bernard Bienenfeld, 
on the relation of research to industrial development. 


Mr. Grunsky needs no introduction before the Commonwealth 


Club. 


The last brief report is that by Professor Hyde. 


REMARKS OF CHAIRMAN IN INTRODUCING 
SPEAKERS, COMMONWEALTH CLUB MEET- 
ING ON WAR TIME ADVANCES IN SCIENCE 


T= is unexpected, but it is always a pleasure to speak to the 


Commonwealth Club, particularly when I can do so through 

two such good men as Dr. Durand and Dr. Campbell. It 
is with much pleasure that I recall the meetings to which the Presi- 
dent has referred, at which we had those splendid papers by Dr. 
Campbell and his associates, and I also remember very well the 
meeting which followed in the fall. I believe that the first meeting 
was about two weeks before war was declared. The second meeting 
occurred after the country had begun to take its stride, the many 
kinds of organizations which had sprung up had gotten into opera- 
tion, and I think I remember that at that meeting we presented the 
first report from a state committee on scientific research, which we 
hoped would do some things of interest. Since this last meeting 
it has been of much interest to me to note that practically all the 
men appointed on the committees in California for state work, in 
one way or another volunteered into national work. The com- 
mittees were pulled apart and the men were scattered over the 
country. 

So far as the scientific aspect of our interest is concerned, I am 
glad to say that what they had to do seemed to be something the 
people wanted to have done. I think many men not of the aca- 
demic type are inclined to think that what the professor has to do 
is what nobody else is concerned with, and that many of these 
men of the academic mind found that the things they had to do were 
things that people wanted all the time. 

Now that the war is over we have come to look over the field 
and to see what has been accomplished, and I rather feel that we 
are tonight before a group of men who will naturally judge us on 
what we have done; and to some extent it is necessary that we state 
here, as I believe the President expressed it to me sometime ago, 

In report of the Committee on Scientific Research, Commonwealth Club of California, 
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what it is we did on all this that we talked of before the war and 
at the beginning of the war; in other words, did science accomplish 
something or did it simply talk and talk as it seemed to do up to the 
period preceding this conflict! 

I have no doubt myself as to what it accomplished, and I thought 
it best to have this represented to you through two men who have 
been concerned particularly with certain aspects of this scientific 
work. Dr. Durand was interested especially with those most 
important applications of physics, chemistry, and allied subjects 
through engineering, and in engineering we had the most important 
application of science during the period of the war. Dr. Campbell 
was interested in the application of other kinds, and the acme of his 
work was reached in his representing the United States in a con- 
ference held by the governments of the allied nations in Europe 
some months ago for the purpose of organizing the world on a 
scientific basis, in order to put into effect the many things which 
had been planned, in order to make use of the many things which 
had been discovered during the period of the war. 

It is a pleasure to introduce to you first Dr. W. F. Durand of 
Stanford University, I think known to all of you, one of the few 
engineers in the United States who has had the recognition of elec- 
tion to the National Academy. Dr. Durand was during the early 
part of the war the chairman of the National Advisory Committee 
on Aeronautics, which performed exceedingly important service 
during the whole of the war. Later Dr. Durand was the scientific 
attaché of the National Research Council at the American Embassy 
in Paris, where he represented the scientific work of this country. 
Dr. Durand has been often mentioned to me as the most scientifically 
minded engineer in America, and I know that is correct. It is a 
preat pleasure for me to introduce him to you to speak on “Contri- 
butions of Scientific Research to Engineering and its Application 
During the War.” 


Dr. Durand has helped me to introduce Dr. Campbell. He has 
told you of the work which he was doing during the war as a repre- 
sentative of our National Research organization representing us in 
France and helping to bring together the scientific bodies of the 
allied governments, so that all the information available might be 


2028 PUBLISHED PAPERS AND ADDRESSES 


made to focus on the places where we needed work done. Just as 
we had an office in Paris under the direction of Dr. Durand, we had 
another in England and another in Rome, and this group of organt- 
zations was known as the Research Information Division of the 
National Research Council. We were very fortunate in America 
in that we had close relation to the important agencies of the United 
States Government concerned with scientific information which 
might be brought to bear on the problems of the war. As one 
illustration of this relationship, the committee in Washington 
directing the Research Information Division consisted of the 
Chairman of the Research Council, the head of the division of 
Military Intelligence of the Army and the head of Naval Intelli- 
gence. 

We saw very early that not much could be done in the part which 
science played in the war unless we could secure that kind of an 
organization which would bring every fact that could be found to 
bear upon the problems in hand. Dr. Durand says it 1s possible 
to make an engine like the “Liberty” by having one part made in 
Los Angeles, one in San Francisco, one in Portland, one in Chicago, 
one in New York, and other parts elsewhere, and these pieces can 
be brought together and the engine will work; in other words, 
America has learned to do things this way while Europe has not 
learned to handle quantity production so that many parts will fit 
together and make units. What was done in constructing the 
Liberty engine is in some measure what we attempted to accom- 
plish in scientific investigation. We saw that scientific knowledge 
represented such a tremendous field that you cannot get any one 
person or small group able to see over the whole range of scientific 
wisdom. We must have the co-operation of a great number of 
groups of men. That means that we need to have organization of 
science. Very fortunately the scientists saw this, and one of the 
men who was most instrumental in initiating organization and 
putting the west coast in the lead was Dr. Campbell. Before the 
war came Dr. Campbell was the leading spirit of the Pacific Division 
of the American Association for the Advancement of Science. Here 
he welded together the best organized division which we have in the 
United States. He was not satisfied with that, but helped also to 
organize the whole American Association and became then the Prest- 
dent of that organization. When the war came, he helped to bring 
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in every one of these groups for useful work. Later, when it became 
necessary to organize science in the international sense, Dr. Camp- 
bell lent his assistance, and Dr. Campbell headed the American 
delegation to the international conferences held in Brussels last 
July. To many of us it seems that out of this organization there is 
coming something which might foreshadow government in the 
broader sense. In the field of science we have organized a kind of 
League of Nations. It was not on a large scale; but it has been 
organized so that it works. 

Dr. Campbell will tell you, from his point of view, how this 
organization in Brussels was carried forward and what it stands 
for at the present moment. 


REMARKS ON OUR SISTER SOCIETIES, AMERICAN 
PHILOSOPHICAL SOCIETY BICENTENARY 


4HE American Philosophical Society occupies a position of 
unusual interest among organizations of America devoted 
a. to development and interpretation of knowledge. The 
linking of those aspects of science which touch accumulation and 
interpretation of facts to the group of problems concerning human 
interests 1s one of the characteristic features of the Society. This 
agency is concerned not alone with ideas, which in another form 
of expression may be called knowledge. Its organization and gen- 
eral programme represent also the statement and interpretation of 
ideals, which may be described also as wisdom. 

From the time of its origin, the Philosophical Society has con- 
cerned itself with the extremely interesting problem of finding 
human application of science and, at the same time, attempting to 
obtain scientific foundation for study of characteristics peculiar to 
man. It attempts in its organization to bring these various sub- 
jects into their true relation to each other. The Society recognizes 
that safety of mankind lies not alone in discovery of impersonal 
laws and attempts to secure their enforcement. It realizes that 
the ultimate goal in human organization must be attainment of a 
type of relation in which law-understanding and acceptance will 
replace mere law-recognition and enforcement. 

Through the ages, movements tending toward establishment of 
government and control of human relations have had two main 
objectives; on the one hand, the privileges of liberty; on the other 
hand, exercise of power. Both factors are essential, both involve 
great dangers. Extent of the danger widens with limitation of 
either wisdom or knowledge. In organization of human thought 
religion has been in large measure based upon recognition of power. 
Philosophy has represented search for knowledge and the sources 
of power. Science has been the great accumulator of facts. It 
now becomes an interpreter, fitting itself closely to philosophy and 
religion, and serving the needs of government. 


Address at the bicentenary banquet of the American Philosophical Society, April 30, 
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In all evolutionary or developmental processes concerning life 
the principle of codperation has come to be essential. In develop- 
ment of the organism it is involved in that differentiation making 
possible the vastly complicated individual with multifarious func- 
tions. In society it is at the foundation of those principles which 
guarantee to us the right of individual achievement limited only 
by recognition of comparable opportunity for others. 

The principle of codperation in the universe of human beings in- 
volves not merely all men in all places, but all men at all times. 
It recognizes not alone the inter-locking interests of individuals at 
a given moment, but includes as well the continuity of effort ex- 
tended through time. It guarantees to the past the value of its 
contribution. It safeguards the joys of accomplishment of the 
present. It lays for the future those foundations upon which 
further building must rest. 

The intertwining of philosophic and humanistic interests in the 
Philosophical Society helps not merely in deepening our perspec- 
tive in the field of knowledge. It serves also to make more clear 
the meaning of development of human interests through time. In 
a day of natural and proper specialization such an organization 
serves as stabilizer and a means for helping to make more clear the 
relation between man and his environment, and the place of the 
individual in the scheme of human organization. 

And so, the “Sister Societies’”’ have found represented here their 
many interests, from laws of atom and molecule to principles of 
life and religion, each fitting itself into a scheme interpreted in 
terms of human interest and conduct. The two hundred years of 
history behind us have seemed perhaps to make more wide the 
gaps between our various departments in the scheme of knowledge. 
Before us lies an opportunity for service in picturing through syn- 
thesis of these divergent elements, a universe of nature and of 
human life more wonderful than that which we have known and 
destined to give us ever-increasing joy of living. 


MAKING A LIVING—OR LIVING 


uT of the years in academic service, I think often of a min- 

ing senior who applied for advice as to work of special 

value for his last semester. One subject recommended 
was in petrography, a study of rocks important for creative work 
in the profession. With reference to the theoretical nature of this 
course, his comment to me was: “You don’t seem to understand 
that I plan to make a living when I graduate.” [I said: “Is that 
all you intend to do, and are you expecting to do it all in the next 
Vea : 

Of several positions available after Commencement, this man 
secured the one with highest immediate salary, and probably with 
smallest ultimate prospects. Although this incident occurred 
more than twenty-five years ago, the story ends just there, as I 
have not heard of him again. But I trust that he is making a 
living. 

I sometimes wish there had been presented to the senior a query 
that seems often to bring out the true aims of living. It is ex- 
pressed in the remark of a man who was asked: “How may one’s 
real interests in life be determined most easily?’ He replied “By 
asking yourself what you would do if you had a million dollars and 
no obligations.” 

Perhaps possession of a sum appearing very large to most per- 
sons might warp vision and produce unnatural ideals. But in the 
opinion of the one who suggested this question, removal of obliga- 
tions uncovers the soul to such an extent that its real desires and 
interests are laid bare. Until these factors are determined, life 
may be guided by objectives not coinciding with true personal 
interests, or may be lived without purpose, and therefore without 
special enjoyment. 

There are no greater questions than those which concern our own 
real desires as to the kind of life we wish to live, the type of progress 
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we hope to make, and the extent to which we may have joy or 
sport in doing. Others may inform us as to opportunities. Only 
the individual himself can decide what his personal interests and 
pleasures are. One of the appalling things of the world appears in 
the multitude of cases in which the field of work is almost com- 
pletely separated from that having to do with what are considered 
the pleasures of life. 

In boyhood I had an acquaintance who really liked to plow. His 
furrows were always straight and clean. The crops on his land 
were always good. The young man walked into a town some miles 
distant several times each week for schooling. He had joy in the 
work. In other words, he also lived. 

In a region remote from civilization in the West I saw the oppo- 
site. It was a man who worked fiercely for 345 days in the year 
in order to accumulate about $400. He saved this sum for the 
specific purpose of spending it all on one wild debauch within a 
period of approximately ten days. He explained to me that his 
philosophy of life was different from that of other men. In a sense 
he made a living, but his field of enjoyment was totally different 
from that of his work. My last information regarding the situa- 
tion indicated that he was holding a lower position, and had neither 
ability for hard work nor interest in the concentrated sort of 
enjoyment to which he had become accustomed. 

As important as I believe the difference to be between just ‘“‘mak- 
ing a living” and truly “living,” it might be difficult to construct a 
fully acceptable definition for either situation. To some, “making 
a living’’ represents only what is known as “keeping soul and body 
together.”” Others think the situation depends upon whether you 
are employer or employed. 

In many cases “‘making a living’? means only the pyramiding 
of elements originally necessary for maintenance of life. As the 
scale of living changes, requirements extend the need for accumu- 
lation of money, of power, of influence, and of all the things which 
have relation to sustaining of life and social position. The man 
who spends $100,000 per year merely in keeping up his home feels 
that disaster is impending if reduced income makes possible appli- 
cation of only $90,000.—So the making of a living may involve 
$5 per day under certain conditions, or $500, or $5,000 under others. 
At any rate, we may delude ourselves into thinking that mere con- 


2034 PUBLISHED PAPERS AND ADDRESSES 


tinued widening of the range of accumulation is a part of the 
need for support of life. 

In a large percentage of cases significance of the life maintained 
has little relation to the factors involved in making the living, or 
in continuing the conditions which it establishes. 

In the same way it will be found that what constitutes true 
“living,” or use of the life concerned, is everywhere a subject of 
scientific and philosophic discussion. Especially is an answer 
important to those for whom education has presented a relatively 
broad picture of the possibilities. 

In the larger world of things alive, “living” keeps pace generally 
with physical growth. Even for those relatively rare groups that 
attain a so-called stage of maturity, this condition continues prin- 
cipally for the period of reproduction, the end of which coincides 
with termination of life. 

In humans, as contrasted with other creatures, development of 
what we call the “intellectual” and “spiritual” brings a new kind 
of living and of growth. It is something more than mere continu- 
ing physical existence. This is not to be considered as occasional 
or incidental, but is a basic and outstanding character of all human 
beings. 

The extent to which stages in intellectual and spiritual develop- 
ment in man may correspond to those in physical development and 
maturity, or may perhaps extend beyond them, is one of the inter- 
esting problems of “‘living.” 

Among other creatures, as for example, in families of wild horses 
and cattle, the young remain within the home circle, and have a 
relatively pleasant life, until they have learned the tricks of feeding, 
running, and fighting off the lions and hyenas. In human families, 
with the added intellectual features, there are more kinds of things 
to learn, and education for life extends farther. 

The school substitutes in a measure for the family. The accu- 
mulated thought of mankind is spread out for our examination. 
It calls attention to a few of the various windows that may be 
opened towards the farther regions of space, and time, and human 
experience. Through the glass of the telescopic window we draw 
near to distant worlds. Through the eye-piece of the microscope 
we visualize the amoebas and microbes that plague our bodies. 
Beyond the glass of history pass processions of the ages. The 
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school also helps to develop imagination, and suggests how dreams 
may build themselves into realities. 

At the end of even the relatively long period of human training 
we, like other creatures, enter the business of keeping wolves or 
hyenas away during the process of “making a living.” Our phys- 
ical growth is already attained. Preparation is also made for intel- 
lectual and spiritual life. The responsibility of “making a living”’ 
is seen as a duty. A portion of that which relates to intellectual 
and spiritual living may begin to look less urgent. At any rate, 
it sometimes appears to us as if the poets, with much of biography 
and history, and theories of economics could be laid aside. So, 
after all, the major effort for intellectual and spiritual development 
may practically end near to the time of attaining full physical 
and mental capacity. 

In considering what constitutes “‘living”’ it is important to note 
that for some the joy of mere activity may be an adequate reason 
for existence. Also one must give full value to the things which 
have been called purely physical pleasures. Each has its honest 
and important place. But the fullness of feeding, the joys of 
taste, the stimulus of drink, and the smell of violets will soon have 
been experienced. All the way through to sex, each has its function, 
and each may be debased to some form of intemperance. 

Then, building up, from what may also be basically physical 
things, in the course of living, we pass by way of other senses 
through sound to what in music is possibly of all human arts the 
most highly developed. Through sight we find form, color, and 
perspective bringing us to a stage where we have long struggled 
to realize the fullest possibilities of art. In our development of 
these more subtle and complicated aspects of appreciation, we 
learn also that of all enjoyments, those that have the deepest and 
most nearly permanent influence arise through response of emo- 
tions to stimulation of what we class commonly as intellectual ma- 
terials. 

Unfortunately in everyday making of a living, multitudes there 
are in whom there seems little response to things of beauty, or of 
mind, or spirit. They never see the gold in green of spring, the 
tingling silentness of night has not appealed to them. Nature 
expresses itself mainly through physical pleasure, or as fear. They 
can no longer read a solid book,—but still try to obtain life through 
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those senses that concern more particularly the physical being. 
No wonder personality often fades before the age of fifty. 

It seems only a few generations back to a time when, with ending 
of the cycle of purely physical living, old age asserted itself near 
forty-five. The interest and enjoyment of living largely vanished, 
and only rare individuals carried on. Whether or no the span of 
human years has been lengthened, we have now at least the pro- 
tective mantle of preventive medicine, and the guardianship of 
temperate living. I believe that with these factors comes also a 
regenerating influence of enormous importance in our better under- 
standing of the purposes of life, better relation to our fellow men, 
and fuller enjoyment of those eternally developing aspects of living 
which have to do with intellect and spirit. 

Today old age may come with hardening of arteries, or with 
loss of enjoyment in living. It may be at ninety, it may be at 
graduation. One of the critical elements depends upon the objec- 
tives of the life, and the plane upon which it is conducted. 

I sometimes think that, knowing we have a life, we must either 
decide what to do with it, or accept what it does with us. Some 
believe that living is, anyway, largely a matter of fate, depending 
on the breaks of the game. But in most games the sport consists 
in doing the best with available talent, and especially in making use 
of the breaks. 

As illustrating the great social significance of continuing develop- 
ment in intellectual life, I may only mention the fact that a govern- 
ment of the type with which we are now experimenting can succeed 
only if those who vote are sufficiently informed as to facts, and 
trained in judgment, to permit their serving as the ultimate source 
of authority. Democracy cannot exist if the people fail to main- 
tain continuous education at a level on which they can give clear- 
minded consideration to great questions. Assumption of franchise 
means continuous study of a stream of new problems. This duty 
alone involves initiation of a process of education which must con- 
tinue through life. 

Another phase of modern activity to which attention is turning 
with increasing pressure relates to the idea that, solely with refer- 
ence to the joys of day-to-day living, education should carry on 
with intensifying interest through the years. 

This movement for continuing education of the adult not only 
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concerns the roots of democracy; it is also the most potent influence 
for maintenance of youth. Had Ponce de Leon been able to read 
the future, instead of attempting merely to add one more to the 
number of springs and fountains with reputation for stimulating or 
curative effect, he might have contributed towards the movement 
to stimulate intellectual and spiritual growth through life. 

And so I believe that now, as at no other time in history, we 
see the difference between merely completing the cycle of an indi- 
vidual human life through “making a living,” as contrasted with 
the opportunities for service and enjoyment through planning “‘liv- 
ing”’ of the life with reference to ultimate accomplishment and the 
joy of doing. Not at any other time has this seemed so clearly es- 
sential for the individual, and for the race. 

Four outstanding results will come from building into the period 
of “making a living” a continually expanding structure concerning 
particularly the intellectual and spiritual life. 

It will, frst, contribute to better understanding of the situation of 
each individual, so that with wider vision we may select the things 
for which we have greatest capacity, and through which we can 
have largest accomplishment. 

It is, second, by this means that we allow ourselves the maximum 
opportunity for carrying a responsibility to our fellow men through 
assuming the true responsibilities of citizenship. 

It will, in the third place, increase opportunity for continuing 
enjoyment of those things which represent the flowering of human 
effort in arts and sciences, philosophy and religion. 

And, fourth, it opens an ever-broadening realm of interest in 
living, which may conceivably double the effective life in years, as 
well as in the measure of joy for every portion of it. 

My own special researches have been devoted in some measure 
to uncovering the more remote past. The objects of this work 
concern the significance of what happened there—and more par- 
ticularly with reference to its meaning in terms of the human pres- 
ent and future.—In the same spirit in which approach is made to 
these problems, involving the importance of a “‘past that lives,” 
I present myself today to plead the cause of “true living’’ in the 
present on the part of the human individual, and for the whole span 
of his years. 

I am holding no brief for any doctrine, creed, or theory. My 
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interest centers, first, upon knowing the truth regarding what has 
been and is. It rests secondly upon desire to see the principle of 
intellectual and spiritual growth embedded in individual lives.— 
Before the soul may be considered as candidate for immortality, 
it must first be tested by responsibility for use of the life that is 
given.—From whom shall we expect re-creation of what we may 
allow to die? 


THE SEARCH FOR SPIRITUAL LEADERSHIP 


PIRITUAL, as I see it, represents the highest elements in human 
life. Strictly interpreted, all human leadership must be 
spiritual. However we may define high intellectual attain- 

ment, when you consider a relationship as something consciously 
influencing other persons it must arise from the essence of human 
living. 

One aspect of this problem that troubles us concerns distinction 
between the qualities known as emotional and those called intellec- 
tual. Seen from one position, everything that touches the spirit 
and concerns leadership ultimately transmutes itself into emotion. 
The great scientist developing his project to the advantage of 
mankind is moved by strong personal feeling. Dr. Michelson, who 
passed out of this life a few days ago, confessed that his enthusiasm 
was emotional, and that he was guided in large measure by what one 
defines commonly as art rather than as cold-blooded science. 


A few months ago I spent an evening with Dr. Michelson in order 
to discuss his project for measuring the speed of light. He talked 
little about velocity of light and much about art and the emotional 
enthusiasms which lie behind the applications of art to science. 
Around his room were several dozen water color sketches, his own 
work. All had been done in leisure hours between periods of 
scientific research. 

Referring to his personal methods of work, Dr. Michelson said, 
“My science is a development of the art of doing a particular thing 
extremely well.” Had you watched Michelson at work, it would 
have been clear that he was each time attempting to put a little 
more art into use of the mirror with which he was measuring the 
speed of light. It was his lot to be a scientist, otherwise he would 
have been a great artist. The scientific worker who deludes him- 
self into feeling that he is free from emotion may not have the 
enthusiasm urging to great attainment. 
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In questions concerning leadership as it relates to the spiritual, 
I am inclined to think that the emotional has as wide a range as in 
any capacity in which it serves mankind. When I speak of feeling 
in this sense, I am not thinking of being swayed by the music of a 
voice or by the appealing force of mere words. I have in mind 
rather the influence of an individual stimulating others to high 
levels of thought, or a situation in which the true value of an idea 
may extend to those whom it touches. 

In the history of great movements you will find that they are 
commonly stimulated or developed under conditions representing 
emotion of a high type. It may be a great joy; it may be great 
sorrow. A personality steeped in sorrow often sees life through a 
glass which makes the unessentials drop away. As evil as war may 
be, the conditions arising from it make soil from which grow many 
of the finest human relations and some of our greatest ideals. 


Discussion of leadership in the specific field of art has brought 
into consideration the differences between art and science. The 
artist concerned with painting, poetry, sculpture, feels that what he 
does has an emotional message wholly different from the things 
which the scientist has in mind. Yet I am convinced that when 
the experience of the scientist reaches its highest level of reality in 
the sense of human appreciation, the scientist and artist are standing 
on approximately the same plane. Art has one way of presenting 
its message, and geology has another. ‘The scientist might tell just 
as great a story in giving you an account of the movement he finds 
in past history of the earth, as would be done by a great poem on the 
landscape as it presents itself to spiritual vision. 

In spite of the fact that it is often set aside as unpractical, and not 
belonging to the everyday things of life, art is one form of expression 
of the emotional nature of man which is certain to have its place in 
every phase of human activity. 

That element of the harmonious underlying art is one of the 
greater things of day to day life. There are some who exist without 
deriving much from living. Many go through life seeing little that 
is wonderful, and probably less that is beautiful.—I sometimes 
awaken with a start in realization that there is a great and wonderful 
world around us; and that we may go about in it blind to beauty and 
unaware of joy. If these ideals could have expression in our lives, 
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no matter what the daily work or where we are at home, life would 
be distinctly more worth while. So, leadership which expresses 
itself in art may be one of the greatest of all contributions to human 
life, whether it be through painting, or literature, or science, or 
something carried out in an exceptional way in business or in 
government. | 


If one considers spiritual leadership in education, it is interesting 
to see what would happen if this activity were developed to the 
point at which it could rest upon inspiration. What a different 
world it would be. Routine turning over of knowledge has little 
significance. Almost the only thing that counts generally is spiritual 
inspiration stimulating the student to a development in which there 
is recognition of fundamental human values in everything with 
which we come in contact. This morning I looked up the collected 
speeches of a great teacher, Benjamin Ide Wheeler, to see if I could 
find the conclusion of a brief address at the dedication of a new 
building. In this statement Wheeler referred to the university as a 
place where, under the mysterious influence of inspiration, vision 
shall awaken vision, and personality shall give its spiritual life blood 
for handing on the torch of life. Perhaps this is something to write 
on the coat of arms of the Torch Club. 

I look upon spiritual leadership in education as one of the great 
opportunities. It is largely neglected. In the future it may pro- 
duce a much more extensive and much more fundamental power 
than education has seen. With our modern highly organized 
program we have passed a long way from the early stages of educa- 
tion, in which teaching was reduced to a minimum, but thinking 
and the practical applications were developed to the maximum. 


In considering spiritual leadership in science, perhaps I begin as 
prejudiced. But this has not always been true. My first contact 
with science was when I came home from grammar school to report 
to my mother that the teacher had talked to us for fifteen minutes 
about the idea that the days of creation described in Genesis were 
long periods of creation and not days of twenty-four hours. My 
mother and I held a consultation—she being a Scotch Presbyterian 
—and agreed that this was rank heresy. But a seed had been sown. 
I have been backing away from that position through subsequent 
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decades. I realize now that the elements of science, so far as crea- 
tion is concerned, represent the uncontaminated and unmodified 
record of what the Creator did. 

The longer we live in contact with science the nearer we come to 
realization that little is known concerning what is behind nature. 
I am quite clear that whatever this is it is a much greater, a more 
wonderful, a much more powerful, a much more beautiful, and if you 
wish to state it in that language, an element with more human 
appeal than has commonly been represented in the great documents 
on this subject. 

Some time ago a friend said to me: “Your theory of evolution is 
good, excepting that you have no place for a beneficent Creator.” 
The reply was that if what has been created leads us to a situation 
in which we can develop an idea of the origin of the world, and its 
development, and its possibilities; and if, moreover, the conditions 
are such that we can find this out for ourselves instead of being 
told, then we have the maximum opportunity for satisfaction 
through growth in knowledge and its use for our own betterment. 
As nearly as we can determine, we are in a universe where the laws 
of nature, and the intelligence given us, permit growth and develop- 
ment through our own efforts. 

And this view of the world brings me to restatement of the idea 
that when students of religion, art, education, and science come 
together they find that they are dealing with intimately related 
aspects of knowledge. 


Leadership in religion I have already touched in some measure. 
From my point of view, religion is an attempt to crystallize in one 
group the influences which seem essential in life. Philosophy 
differs from science in that it will go as far as logic can take it. 
Sometimes it rises far from the ground. ‘The scientist must carry 
his facts with him, and must be sure that his theory checks with 
the facts. But human kind wishes to have answers for such ques- 
tions as: what is the ultimate source of all things; and where are we 
going? Some insist on having an answer regarding whence and 
whither. Religion, as one of its functions, attempts to furnish 
something in reply to these inquiries. Science is conservative and 
only goes a short distance. Philosophy reaches a little farther. 
But religion, by the very nature of the case it states, must reach out 
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toward the limits in order to find a foundation upon which those 
who are not philosophers may stand. 

Religion is not all of this phase. It is also a manner of life, or an 
attitude toward life, based upon such knowledge as can be obtained 
concerning ways in which individuals may best adjust themselves 
to each other. Due to the nature of the situation, religion must 
crystallize its statements in order that they be used readily. From 
time to time, through the ages, it has been necessary to dissolve and 
recrystallize these ideas. There may be times when science and 
philosophy step ahead of religion so far as definition of the funda- 
mentals is concerned, and then religion restates its case. Like 
science and philosophy, religion develops or grows in adjusting 
itself to the stages through which humanity passes. 


As to whether there can be spiritual leadership in dusiness, I say 
“yes.” Many of our greatest business men are really spiritual 
leaders. In much of business the principles of acquisition and 
accumulation reach a stage at which what we call competition may 
not be on a high ethical plane, but there are few situations in which 
the individual has greater influence upon those about him than 
through operation of business. 

Someone remarked recently that: “There was a time when the 
political power of the Roman Empire was the dominating influence 
in the world. That was succeeded by a stage in which the Church 
took over power from the Empire and became the dominating 
influence. Today the dominating power is big business.” It is 
clear that a definite spiritual influence is exerted in the United 
States by business enterprises. I believe that in a large percentage 
of cases this power tends to do good, though there are many in 
which you find it lagging or destructive. 


Washington is a dangerous place in which to discuss leadership in 
politics. But it is one in which you are concerned primarily with 
human relations, and in which the highest ideals must be followed. 

In this country we are helping to carry out a great experiment in 
government by the people. With our particular kind of organiza- 
tion the political party is for the moment considered essential. Ina 
dictatorship or a monarchy this type of organization is not necessary. 

Sometimes the party arises because a great principle or a great 
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leader influences us. In a large percentage of cases it is held to- 
gether by what is known as political expediency. One group does 
something for another, providing it may have support in meeting 
its special needs. We may start with the assumption that the 
results justify the means, and that the arrangement gives solidarity 
necessary for continuation of party government and upholding of 
stable administration. But there should be no doubt that some of 
the greatest dangers to democracy arise out of possibility that the 
things involved in exchange may not contribute to the interest of 
the country as a whole. If not of national significance, they can 
become a grave menace. 

Spiritual leadership, in the sense of holding to the things that are 
high and of good repute, spiritual leadership representing the truth 
and nothing else, is essential in development of our type of govern- 
ment. If we do not have it the end is near. You may then take 
your choice between dictatorships or monarchies on one hand and 
other ways of governing yet to be tested out. Do not forget that 
through the ages there has been experiment with many varieties of 
human organization. Democracy is new and yet old. 

I have touched very lightly on several aspects of leadership, in 
which the spiritual relation seems important, perhaps doing nothing 
more than to present my personal point of view. Instead of fram- 
ing a summary of ideas or of opinions I might express all that is 
suggested in concise form through the words of Paul’s message to 
the Philippians: 

“Finally, brethren, whatsoever things are true, whatsoever things 
are honest, whatsoever things are just, whatsoever things are pure, 
whatsoever things are lovely, whatsoever things are of good report; 
if there be any virtue, and if there be any praise, think on these 
things.” 

I am not sure that there has yet been made a better statement 
as to what furnishes the elements necessary for spiritual leadership. 


REMARKS AT SCIENCE SERVICE ROUND-TABLE 
CONFERENCE 


HESE few minutes I wish to devote to what might be called 

the art of stating scientific truth. ‘This is in considerable 

measure the function of Science Service. The limit has 
not yet been reached in development of scientific literature. I 
recognize literature as perhaps the greatest of all arts, the most 
human and also the most picturesque. 

Nearly everything that comes within the range of science has 
existed for a long time. JI am not sure that mere discovery makes 
anything more important than other things. I have known cases 
in which reporters mistakenly brought out old things as if entirely 
new, and with great success. It depends upon the form of state- 
ment and the human interest. 

I wish to suggest, but not for Science Service alone, that there is 
a zone of difficulty and of danger precisely at the point where the 
press would like to secure new material. I presided yesterday in a 
meeting where four men presented extremely important statements 
on the results of scientific research. Among these papers there was 
considerable difference of opinion. ‘That was the reason for the 
conference. It was because men see problems from different points 
of view. When the investigator begins his task he is trying to ad- 
vance a fraction of an inch further than any one else has gone. A 
stage is passed through in nearly every investigation where the re- 
sult is not clear and therefore can not be stated clearly and simply. 
If this were possible, it would not be necessary for the investigator 
to concentrate on this problem. 

The fact that the press desires to have new material is extremely 
important in development of scientific research because it stimu- 
lates the investigator to attempt a clear statement of the thing he 
is trying to do. Not infrequently the fact that the public desires 
to know what the man is attempting acts as a stimulus to the in- 
vestigator and helps to clarify his thought. It helps the researcher 
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himself to secure a clearer idea of what is attempted. Beyond this 
there is a further stage at which the problem is seen clearly. It is 
then necessary to formulate it in terms which represent applica- 
tion of the art of stating scientific truth. 

The best form in literature is based first upon accurate state- 
ment, second upon logic and third upon artistic presentation. If 
a fact 1s to be stated clearly, it must stand in striking contrast to 
its background and yet be related to that background. It is es- 
sential also that the element of human interest be included in the 
picture. 

There is an art in use of thought and language in presentation of 
scientific truths. This art may well challenge the interest of any 
scientific man. ‘There is always opportunity for improvement. I 
congratulate Science Service on its success to date. 


THE NATIONAL ACADEMY OF SCIENCES— 
DEDICATION OF BUILDING 


R. PRESIDENT, members of the academy and research council, 
and friends, in the midst of distractions incident to the 
great national struggle in progress in 1863, the Thirty- 

seventh Congress of the United States gave evidence of vision in 
many exceptional ways. It opened the great West to settlement by 
homestead, and authorized construction of a railway to connect the 
Atlantic with the Pacific. It was through unanimous approval of 
this Congress and the approval of President Lincoln that the Na- 
tional Academy of Sciences received its charter. Though the 
founding of the academy was in a measure planned with the idea of 
strengthening the national defense, it was clearly the purpose to 
reach beyond necessities of the moment and to consider the im- 
portance of advancing knowledge and its application for future 
benefit to the Nation. 

When the incorporators of the academy were called together, 
Senator Wilson, of Massachusetts, in transmitting the commission 
from the Government stated that while some had thought the time 
not well chosen for such action by Congress, he wished to have the 
world realize that “the statesmen and the people of the United 
States in calm confidence. . . are fostering the elevating, and puri- 
fying and consolidating institutions of religion, benevolence, 
literature, art, and science.”’ 

It soon became clear that if the academy were to serve the Govern- 
ment fully in the rdle planned, there must be opportunity for better 
organization and better contacts, first among its members, then 
with other organizations, with the public directly, with the agencies 
of our own Government, and with scientific bodies of other countries. 
It was evident that this must come through developing machinery 
which could be set up only if permanent quarters were available 
in the Capital City and in close relation to the agencies of the Fed- 
eral Government. 

Address at the dedication of the building for the National Academy of Sciences and the 
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The ceremonies in which we participate to-day bring to us, in 
what seems like sudden fruition, the results of the vision, the plans, 
and the hopes of many years. Knowing as we do that the joy in 
recognizing advance is itself essential to progress, this would seem 
the natural time to halt for a moment of pure pleasure in contem- 
plating the attainment. But more important to us than mere 
appreciation of accomplishment is the realization that this is also a 
time at which we should consider with utmost care what these newly 
established conditions mean in terms of further opportunity. We 
must not fail to realize that these pleasures of possession have inti- 
mate relation to responsibility for that which we have helped create, 
as also for the new and great possibilities of service now opened. 

So while this is first a day of rejoicing that possessions have 
been secured and ideals have been realized, it is most of all a time 
for earnest consideration of the great things this advance may mean 
for the academy and for the people of to-morrow. 

In viewing the future responsibilities of the academy to the 
Government we may not interpret this relation to mean merely the 
possibility of assistance in specific problems or researches as they 
may happen to arise either in relation to national defense or in other 
connections. ‘There can be no doubt that this body was chartered 
with the understanding that it would have always in mind the in- 
terests of the people in whatever ways science can contribute to 
meet their needs or support their ideals. Though it is clear that the 
academy represents expert knowledge in the sciences only, it is 
important that its vision of ultimate service reach over all phases of 
the Nation’s life and thought, ranging from defense to assistance in 
securing those guaranties of comfort and health in body and spirit 
which make good citizenship and happiness possible. 

Now, for the first time, we are to have a home, with all this means 
as a place to live and work. It seems clear that as one of its respon- 
sibilities the academy with its relatively small membership, com- 
prising all of the sciences, should look forward to its general and 
special meetings here as exceptional opportunities for bringing the 
whole range of scientific inquiry to bear upon new discoveries or 
upon great investigations in progress. Even more important than 
the general meetings will be the possibilities of those frequent inti- 
mate conferences of small groups brought together for discussion of 
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special topics, in which, with a minimum of formality, the more 
fundamental discussion is made possible. 

The bringing of the National Research Council into being on the 
foundation of the academy charter has extended greatly the possi- 
bilities for stimulation and organization of research. In occupying 
its quarters in the new building, the academy will come into a rela- 
tion to the council which will bring out more clearly than at any 
earlier time the significance of the organization which it has brought 
into existence. The invitation to a large group of the national 
scientific societies of this country to participate in the work done 
through the research council has developed a wide range of relation- 
ships of the greatest importance. The responsibilities and opportu- 
nities which present themselves to the academy in connection with 
future problems of the research council must be reckoned as among 
the most important which will now come closely to our vision. 

In the future development of foreign relations in scientific work 
there appears also one of the very great opportunities for national 
service. ‘There is good reason for believing that the possibility of 
some of the surest ties to be formed between the nations lies in the 
discussion of scientific and intellectual questions, in which inter- 
national cooperation is directed specifically toward search for the 
truth without reference to its immediate economic or political 
bearing. 

Along with those relationships of the academy which have been 
considered there is also open to this body, as to other scientific 
agencies, an exceptional opportunity and responsibility for aiding to 
steady the thought of the people by interpreting in some measure 
the meaning of the rapid advances now being made in scientific 
understanding of man and his environment. With the continuing 
growth of knowledge we see the universe increase in complexity and 
extend itself vastly in space and time. It is to be expected that 
adjustments in our scientific data will bring into continuous review 
much that pertains also to the fundamental philosophic and religious 
thought forming so important a part of the world’s thinking. We 
should never blind ourselves to the fact that the people have philos- 
ophies now, and always will have them, and that consciously or 
subconsciously they have religious beliefs, also. Abundant national 
disasters, some of which we have seen in recent decades, have 
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demonstrated fully that there is nothing more deadly than bad 
national philosophy, especially if it translate itself into terms of 
economic or political policy. Such beliefs never arise from attain- 
ment of the truth, but always from the lack of it. 

The academy will always be conservative in holding fast such 
knowledge as may seem securely founded, but it will never look 
with favor on the defense of any view merely because it has been 
held. The attitude of the academy as representing truth-seeking 
and truth-accepting should have a continuing influence in stabilizing 
thought. Though we may never be advocates of philosophic or 
religious systems, we should assist in that interpretation of the 
shifting panorama which the world seems to present when viewed 
through the eyes of science. And we should help to keep false 
assumptions from serving in the place of truth. 


SPIRITUAL VALUES AND THE CONSTRUCTIVE LIFE 


HE subject of this meeting differs from those of preceding 
sessions, in that it relates to comparative values in life with- 
out reference to particular fields of activity. 

As the spiritual concerns both man as a being and his purposes or 
ideals, the discussion could properly turn itself in any one of many 
directions. It might look towards examination of the spirit or soul 
as an aspect of being, or into consideration of future spiritual life 
involving problems of immortality. From the point of view of this 
paper the spiritual in man is seen in terms of the manner of his life, 
and of the materials which are, so to speak, his food and drink. His 
ideals are illustrated by the types of opportunity which he selects. 

Influence of the university in formulation of thought relating to 
spiritual values will depend in part upon attitudes taken in the 
many special divisions of knowledge represented. Three great 
fields have been covered already in the sessions on education, eco- 
nomics, and government. In all of these, spiritual values have been 
considered. In this particular session Professor Hocking will 
speak from the point of view of philosophy; Mr. Noyes will touch on 
ideals in literature and their relation to certain aspects of religious 
thought. Along with other points considered in this particular 
paper, examination is made of the view represented by science. 
Comment is also made on the importance of art with particular 
reference to its expression in nature, as an influence upon spiritual 
values and ideals. This Conference was intended, as I understand 
it, to give a forward look; not that we see the next one hundred 
years, but that we concern ourselves with attitudes towards what 
will be taking place in the coming decades. 

I should say that all of the papers in this session have been written 
with reference to this forward look. We are, however, considering 
a very difficult subject, in which it is desirable to discuss more 
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particularly the attitude of mind concerned than to attempt proph- 
ecy relative to what may take place within the next one hundred 
years. 

First, regarding definitions: Though attempt to define such 
intangible elements as spiritual values cannot result in a perfectly 
clear picture, it may be desirable to indicate certain points of view 
as guiding in this particular statement. It is realized that if effort 
is made to describe even an attitude of mind representing values of 
the spirit, we encounter difficulties of the order met by the biologist 
when he undertakes to define the unfathomed phenomena of life, 
or of the physicist in endeavoring to say precisely what a light 
impulse or an electron is. And yet we feel as certain regarding the 
existence of these elusive spiritual elements as of life, or of the reali- 
ties called material substance. 

Not only do spiritual qualities place clear imprint upon the 
human, as contrasted with other less exalted beings, but among 
categories of mankind they distinguish the living clay image type of 
creature from that which radiates constructive interest and strives 
for touch with the eternal. 

Wisdom of all time falls short of exact delineation or evaluation 
of spiritual elements specifically, and the situation becomes increas- 
ingly a problem when such characters are considered in a broadly 
comprehensive sense. The spiritual may arise through functioning 
of that which makes possible the farthest vision in space, time, 
aspirations, and ideals of man seen as a being aware of himself and 
of what is around him. It expresses itself, in part, as capacity for 
determination of relative values. And again it represents the con- 
scious understanding of what is clearly the greatest good in the 
longer time. 

Recognition of ability to appreciate comparison of values in life 
carries implication that an appraisal of the individual himself is 
given by his personal attitude towards this situation. 

The nature of our opportunity for adventuring in this wider unt- 
verse of the spiritual has been stated in many ways. An often 
repeated formulation—“‘As he thinketh in his heart, so is he’’—does 
not define merely an emotional attitude. It describes an outlook 
on desires or aspirations in the individual. This conception regard- 
ing points of view, or of ideals which are fundamental, is the basis 
upon which the spiritual is constructed. However these qualities 
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or values are finally described, they are at least reflected in our 
attitude of mind towards ultimate views as to what in life is most 
significant. 

I was pleased in Mr. Lamont’s discussion to have him turn aside 
and make reference to a comment of Mr. Dwight Morrow, our late 
distinguished citizen, with reference to relation between points of 
view. It reminded me of a statement by Mr. Morrow some years 
ago in which he said, in referring to international relations, “I 
always prefer to look upon a people in terms of what it desires to be 
rather than what it is or has been.”’ 

Seen from one angle, the spiritual element may appear to repre- 
sent the farthest removal from so-called practical living. For 
purposes of this discussion it is necessary to recognize the inter- 
penetration or intertwining of all elements in life and among them 
the place of the spiritual as one form of its expression. 

In considering relation of the university to a future social order, 
it is difficult to avoid asking how far altering of conditions might 
influence spiritual values. Will shift in ideas mean also evolution 
of ideals? Or shall we look upon possible changes as leading only to 
varying degrees of appreciation? 

Among the truly great vistas opened in recent years, the past 
revealed by the historical sciences has made us so clearly aware of 
an almost infinitely extended process of development that the mind 
finds it difficult to avoid acceptance of a future involving compar- 
able changes. Such a view has its immediate effect upon attitude 
towards life and its consequences, through suggestion of continuing 
growth. Will such influences exert themselves in the field which we 
describe broadly as the spiritual? 

Over the ages our attitude towards conduct and morals, as such, 
seems to shift. In the future, as within this particular period, an 
act considered good form in one generation may be occasion for a 
fine or jail sentence in the next. The critical question concerns 
relation of such differences of opinion to change in spiritual con- 
cepts. The increasing tendency to frown upon selling a man some- 
thing he does not need, and does not want, is not only good business 
and good morals, but it is founded on principles that make for eter- 
nal benefit. 

Suggestions regarding development in a so-called basic “golden 
rule” are in accord with the idea of advancing codperation as con- 
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trasted with unfriendly competition—‘‘Do others before they do 
you,’ which is said to have been replaced by ‘“‘Do unto others as ye 
would that they should do to you” and later by “do for others,”’ 
represents modification in the direction both of scientific evolution 
and of appreciation for spiritual values. 

Unless the future differs radically from the past, we may be sure 
that the social order will itself be altered by advance of knowledge. 
A stream of information that we do not now possess will sharpen 
vision to such an extent that social organization, government, and 
economic relations will move towards new adjustments. Under 
these changing conditions, it is to be expected that knowledge will 
help to clarify spiritual values. 

Growth and development are essential in life. Plans for the 
future that leave such possibilities out of consideration will be 
inadequate. The extent to which appreciation of the spiritual will 
increase may be problematical but, whatever the situation, the 
opportunities must be widened. 

As to the function of the university in relation to spiritual life: 
The responsibility of that institution with reference to interpreta- 
tion of spiritual concepts, or ideals, is seen as its greatest problem. 
The duty includes furnishing clear truth regarding the world of 
realities in our environment of things and of people and, most of all, 
aiding to develop understanding and appreciation of ourselves. 
The university is not concerned with proselyting in the interest of 
beliefs, but in giving a safe and sympathetic interpretation of the 
human situation as it really is. In addition to consideration of 
realities, their analysis and synthesis by scientific and other meth- 
ods, the university must present the world of ideals, comprising the 
highest attainments of human faculties. Among other subjects 
within this realm will be art with its companion beauty, philosophy 
with its statement of what seems logically best, and religion express- 
ing the basic convictions of mankind. 

The outstanding aim of the university is clearly the giving to life 
its widest vision on the highest plane, and in presenting objectives 
which offer the largest opportunity for satisfaction over the longest 
time. There is a further duty so to picture the possibilities before 
each individual as to make evident the value of the constructive- 
srowing-building type of life as contrasted with that which repre- 
sents only the routine of generations and occupations. 


SPIRITUAL VALUES AND THE CONSTRUCTIVE LIFE 2055 


From a conception of university function leaning towards humani- 
ties and philosophy, modern institutions have turned in some 
measure towards scientific analysis and teaching vocations. It must 
be recognized that much of the effort given to development of 
careers in medicine, engineering, teaching, etc., has concerned the 
really higher purposes of these activities along with organization of 
information. Whatever faults are to be found in the university 
system may not lie in mere tendency to fact gathering, nor to in- 
terest in vocations. Such difficulties as exist are more largely due 
to absence of that which is fundamental and necessary for real 
success in a vocation. It is not so important to consider what a 
university has and does not need, as to know what it needs and does 
not have. There may have been too much effort put into training 
to make a living rather than teaching how to obtain the most out of 
life. Somewhere there must be a place at which the higher values 
are the subject of investigation and of interpretation on the basis 
of available knowledge. 

If one accepts the idea that the university teaches how to live 
as regards maintenance, effectiveness, and enjoyment, it is im- 
portant to reach a decision as to what may be looked upon as real 
values, and this is the subject of Professor Hocking’s discussion. 
In recent years our mode of thought has been influenced largely by 
consideration of what, under the trial of time, constitutes “‘practical 
success’ as compared with that which is idealistic. “Getting things 
done’’ has also been seen as important, often without consideration 
of real need, or of the means used. It is to be hoped that we are 
near the day when all action will be judged in terms of means as well 
as of the end, before the results are accepted. History is made up 
too largely of sequences of mistakes as to means used to attain 
desired ends. 

It is important that the university regard as a primary function 
honest and sensible comparison of the immediately practical with 
the ultimate ideal. Excepting by accident, no great work was ever 
accomplished by one not imbued with ideals. Over the ages 
idealists, filled with enthusiasm for great truths, have been the 
leaders and creators. Real strides in human affairs have been due 
in large measure to their efforts. While machinery of business 
or of government may be kept in motion by activities that concern 
things of the moment only, the world waits until men with vision 
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come to perform what has been called the impossible, or to make 
real the things which have been considered impracticable. It is a 
part of the function of the university to make unavoidable an under- 
standing of reality and truth, as applied to all matters touching life, 
and to indicate that for these there may be no substitutes. 

Influence of the university upon development of spiritual values 
will be in part through effect of its broader views concerning attitude 
of mind. Partly, it will be by guidance in statement of ideals ex- 
pressed in special phases of knowledge. As illustrating this aspect 
of the problem, consideration is given in this paper to influence of 
science, the particular field with which the writer has closest touch, 
and to art as involving especially our relation to nature. 

Points of view developed in examination of other divisions of 
knowledge will be discussed by other speakers not only in this 
session but in those which follow. 

Situated as we are in the midst of an infinitely complex mechanism 
of natural elements practically controlling our lives, it would be 
remarkable if the continuing imprint of nature upon us were not 
among the dominant features of life. In the present epoch of dis- 
covery contributions are so voluminous, and so fundamental, that 
we may not avoid considering how our attitude towards life and its 
ideals is affected. 

The material world, as once recognized, has vanished, and in its 
place appear energy complexes intertwined in their relationships to 
exhibit a new universe. Extension of our view into unbelievably 
remote reaches of space, time, movement, and power has not dimin- 
ished evidence of universality in expression of what are known as 
natural laws. In general it has tended to increase belief in unity of 
relation and operation in what we find. 

It is but a few years since Huxley and others called attention to 
the fact that man had a place in nature, and that human beings, 
like life as a whole, have relation to an environment of which they 
are in one sense a part. Within the last two generations we have 
come actually to see man as emerging from the wilderness of his 
past with all its untamed inhabitants. And we are just in this day 
obtaining a clear picture of humankind making for itself the begin- 
nings of civilization. 

Human life is now seen as fitting into a broad movement in a 
universe of enormously heightened interest and importance. With 
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this change there is unavoidable recognition of an enlarged meaning 
and added dignity in life by reason of the relationship. Man no 
longer lives in an isolated present. We recognize the past as not 
just a static ruin without significance to us. We see the future not 
merely through vistas between castles in the air, but as representing 
something coming to be, the character of which may be bettered or 
marred by that which passes through past and present to future. 
The stream of this movement is in part through us, and therefore 
partly under our influence. The place of man in this scheme of 
development is given enhanced importance by our growing belief 
in the order of the universe and its meaning, and in a possible small 
place which we may have in it. 

In the light of modern knowledge the wonder, and power, and 
beauty of the natural world are not less. Some have looked upon 
beginning science as dissecting nature into its ultimate fragments, 
in which the elements of inspiration seemed no longer to have place. 
But modern synthesis of these materials sees the parts returning 
each to its normal position in a world more wonderful and more 
beautiful than it could be without this intimacy of understanding. 

With all the boasted progress of our mechanistic civilization and 
its production of so-called leisure time, there is no contribution of 
modern knowledge that exceeds in significance the opportunity for 
spiritual growth made possible by science in emancipating us from 
superstition. This has been done in part by establishment of 
confidence in law, and in orderly procedure of nature; in part by 
understanding what the natural world represents; and by apprecia- 
tion of real values contributed to the higher life. 

It is a responsibility of the university to make certain that science, 
as a method with its results, is brought into its true relation to other 
phases of knowledge. This must be accomplished in such manner 
that we obtain full value of the enlarged view and the deeper per- 
spective made possible by the combination. It is important that 
in such discussion scientists and philosophers do not become dog- 
matic. Desirable as it is to consider the fundamental relation of 
science to philosophy and religion, it is the truth, and not merely 
reconciliation, that we seek. The high price of beliefs and adjust- 
ments not well founded has been a heavy burden in science, as in 
other subjects. It is important to bear in mind also that we shall 
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not soon reach the limits of knowledge, nor have a complete under- 
standing of all factors in the situation. 

No matter what attitude we take towards definition of art or of 
beauty, there is universal agreement as to the tremendous influence 
of these elements upon development of the spiritual life. Whether 
beauty be truth, or goodness, or merely fitness, it represents an 
aspect of harmonious expression finding response in every field of 
human interest. 

Influence of the university in nurturing spiritual values will be 
increased if beauty and art are recognized as essentials in its scheme. 
If a time comes when we learn to know more fully how these two 
elements fit into other views of life and of our surroundings, it may 
be possible to turn their influence more directly towards clarifying 
the spiritual background. Efforts directed towards bringing to the 
world conviction regarding value in the artistic view of relationships 
around us, and concerning recognition of beauty wherever it appears, 
are among the most potent factors available in the university 
program. 

The fact that art may be only an especially favorable form of 
statement, and beauty only a point of view, does not diminish their 
significance. Rather does it emphasize the idea that attitude and 
point of view are everywhere fundamental, and especially in all that 
concerns spiritual values. 

In these days of disillusionment regarding pleasures in mechanical 
speeding up of civilization, many who turn to the great realities for 
relief have centered interest on beauty and nature as seen together. 
These two combined have been a source of Joy standing the test of 
storm and age. The face of nature is everywhere before us. Its 
countenance is that of creation itself, with all that we attribute to 
it. And it has “‘a smile and eloquence of beauty” that may steal 
away the sharpness from our darker musings ere we are aware. 

A student of this subject in England, Mr. George M. Trevelyan, 
has seen this influence as of such significance that he writes: “By 
the side of religion, by the side of science, by the side of poetry and 
art, stands Natural Beauty, not as a rival to these, but as the 
common inspirer and nourisher of them all, and with a secret of her 
own beside.” 

“Whatever its interpretation may be, natural beauty is the ulti- 
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mate spiritual appeal of the universe, of nature, or of the God of 
nature, to their nursling, man. It and it alone makes a common 
appeal to the sectaries of all our religious and scientific creeds, to the 
lovers of all our different schools of poetry and art, ancient and 
modern, and to many more beside these. It is the highest common 
denominator in the spiritual life of today.” 

If, now, we consider relation of spiritual ideals in the university 
to development of the individual, we find some holding that the 
human problem presents its most difficult questions in matters 
touching guidance to the largest individual opportunity. We find 
also that adjustment of individual interests to those of the commu- 
nity, in other words the good of the community as a unit, depends 
partly on plan of organization, but largely upon vision of the individ- 
ual as to possibilities for his advancement or growth. 

The situation is complicated by influence of desire for freedom of 
judgment or initiative, which leads naturally to striving for true 
individuality. This interest may be described in part as wish for 
recognition, or what has been termed “a place on the map,” and 
partly it relates to hope for accomplishment. Education concerns 
itself with defining and developing individuality in accordance with 
capacity, and giving to it guidance which will offer a clear picture 
and will open the way to self-expression and recognition. 

The developing of individuals with known capacity, initiative, 
and independent thought is a work of the highest order. To stimu- 
late intellectual and spiritual progress of persons fired with enthu- 
siasm for constructive effort is a contribution of first importance to 
the community. Success in such a plan for growth of constructive 
individuality depends upon safe guidance through ideals, without 
which the effort is unfruitful. If such a program could have its 
full influence, the difficulties of the world would diminish by at least 
one half within the first year. This would be true not only of 
individual problems, but of those, as well, which concern the greater 
questions of society, solution of which is influenced by personal 
attitudes. 

In conclusion, development of the university does not depend 
solely upon deciding what should be thrown out of the curriculum. 
It will be determined by emphasis on what is shown to be of pri- 
mary significance. All support should be given to the age-old idea 
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that universities are institutions in which elements touching the 
things of the spirit must have highest place. 

Just as it is said that where there is no vision the people perish, 
one might state that where the spiritual tends to diminish in sig- 
nificance, growth and joy of life decline. Tennyson put into the last 
words of King Arthur the statement: “For what are men better 
than sheep or goats that nourish a blind life within the brain, if, 
knowing God, they lift not hands of prayer.” Perhaps he had in 
mind a formal prayer; he may have intended to convey the idea of 
prayer as an attitude of mind towards things of the higher life— 
and so, that men who have not this point of view may class them- 
selves with sheep and goats. 

The problem of the university of the future, so far as it concerns 
the spiritual, will relate in part to appreciation of relative values 
and in part to things connected with continuing development. 

The university must itself be constructive and not iconoclastic. 
It must recognize the individual as a being essentially of spiritual 
cast, that may crave individuality defining itself in terms of con- 
structive or creative work. It should help to express in those who 
seek its guidance that quality suggesting the inscrutable germ of 
living things, begetting growth and building upward; or like a living 
flame, which lights the region round about, but does not cause its 
own destruction. Through such contribution, more than through 
any other, the university of the future will influence human progress. 


REMARKS BY CHAIRMAN INTRODUCING ALFRED 
NOYES, CONFERENCE ON THE OBLIGATION 
OF UNIVERSITIES TO THE SOCIAL ORDER 


us from England to participate in this discussion. I was about 

to introduce him as a man of letters, when it occurred to me 
that such a title might not be sufficiently comprehensive. [I recall 
that my first relation to Mr. Noyes was in the study of a great work 
in which he considered the watchers of the skies, those who looked 
through the huge hundred-inch telescope into remote spaces of the 
heavens. When, again, I went to study the story of the Grand 
Canyon, I found Mr. Noyes writing a work called ‘““The Book of the 
Farth.”’ Again, when I wished to recommend to a young investi- 
gator a statement of Darwin’s point of view when, as a young man, 
he was developing the great conception later to represent his life 
work, it was a publication by Mr. Noyes that I used. On reading 
his works more carefully I found that he recognized the shortcom- 
ings of scientific philosophy, as of a blanket covering the universe 
only partly, and that there was suggestion of greater things involved 
in the philosophy of science, and in the science of philosophy, ele- 
ments which reach out to include human feeling, and which touch 
those deeper things which we call religion. I agreed with Mr. 
Noyes’s idea that poetry, the vehicle which he has used, is one of the 
best means for stating these subjects so that they may be compre- 
hensible in terms of human feeling and interest. 

Mr. Noyes comes to us, then, as a scientist, a philosopher, a man 
of letters, who has chosen poetry as his medium for expression. He 
is a forward-looking man. Recently he said to me, “This is a 
critical period; I hope something may be done about it.” His 
paper will give you a point of view looking out upon spiritual values 
as they touch the university and the social order. 


T THIS program, the next speaker, Mr. Alfred Noyes, comes to 
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ITHOUT offering an explanation of the situation it is clear 

that in these days an education is considered an asset. 
A recent statement on the value of learning indicates 
ase less than one per cent. of the population of the Tinea States 
has the benefits of higher education and that at least fifty per cent. 
of the leaders in the major activities of the country are derived 
from this small group. The same statement suggests that a person 
having only an elementary education has a chance for real success 
somewhat less than one in forty thousand; with a high school edu- 
cation, a chance about one in sixteen hundred; and with a college 
education, a chance a little better than one in one hundred and 
fifty. A gratifyingly large percentage of the young men and women 
in college make the decision to attend entirely from their own ini- 
tiative. In a surprising number of instances they not merely make 
the decision but pay the bills from income secured by their unaided 
effort. 

The statistics derived from any of the various sources available 
are uniformly indicative of the value of such a training as we now 
secure. At the same time we realize that there is a large waste of 
effort both through failure on the part of the student to understand 
the purpose of education, and failure of the educator to transmit 
in the best organized and most intelligible form the elements of 
the subject which he represents. 

The body of knowledge made available by a university is as wide 
as the range of learning and necessarily concerns not merely what 
is known but what should be known and will become known by use 
of methods not yet devised. 

Our present knowledge represents the inheritance of all data 
made secure within the present cycle of civilization in books, man- 
uscripts, architectural and engineering structures, habits, social 
customs transmitted without record, and everything that pertains 
to the life of human beings or to their environment. The bulk 
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of learning is very large. In the city in which I live there is a 
library containing about four million volumes. Presumably every- 
thing in this accumulation is of value from very many points of 
view. No one can comprehend or scan it all. A vast mass of 
other knowledge has no representation whatever within the scope 
of this library. 

The problem which faces the student and educator consists not 
alone in recognizing the value of the elaborate detail of available 
information, but in learning also the fundamental principles 
through which it may be presented as a simple comprehensible re- 
ality for use in shaping our life work. 

The aims of education may be stated in terms of many kinds of 
classification. It is necessary that everyone related to education, 
either as student or instructor, should have a mental picture repre- 
senting the whole range of purposes. I have generally thought of 
education as including necessarily five principal objects which are— 
the determining of individual capacity or adaptability, accumula- 
tion and organization of information, training of judgment, develop- 
ment of creative ability, and the forming of character. It is not, 
however, of these several aims that I desire to speak but rather 
regarding the range of information or the breadth of understanding 
which seems necessary in an education so balanced as to give the 
largest chances for success in life. 

To one who wishes an education the first requisite is the quality 
of open-mindedness. Without the attempt to review and accept 
information in the spirit of fair judgment—without willingness 
to recognize truth rather than substitutes which may for the 
moment seem to us personally more agreeable, it is a waste of time 
to spend effort upon training or learning for any purpose. It is 
immaterial whether this attempt to learn is made through aid of 
regularly established agencies for education or in the routine con- 
duct of daily life, if the mental eye does not picture knowledge as it 
really is, the result is illusion and unreality, with all the misunder- 
standings and dangers that such a condition must bring through 
creation of an unreal world inhabited by people who are not what 
they seem to be. 

It is possible to go through life with little visualization of what 
there is about us and with practically no philosophy regarding our 
surroundings or the role which we play in them. Each of us 
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inherits from a long chain of ancestors sufficient physical and 
mental equipment to keep us going for a considerable time with- 
out much beyond automatic action in response to the tremendous 
stimulation of life about us. Much brain work and apparent in- 
tellectual activity has in it little of individual effort or initiative 
beyond that typified by secretion of gastric juice in a stomach in 
which food has been placed. The person who attains true indi- 
viduality and graduates from the class of automatons is compelled 
at once to direct individual action by knowledge of the realities 
in the physical, mental, and human world about him. 

How little of reality most men know—how little any one can 
know—is illustrated by the daily record of human failure in at- 
tempts to solve great human problems, economic, social, and polit- 
ical, that are of vital concern to us all. An education aims first 
to tell us in simplest language the truth about what we are, about 
the world in which we live, and what we may naturally expect of 
ourselves in these surroundings. 

Open-mindedness does not mean continuous doubt or distrust, 
it merely accepts things for what they are and recognizes new in- 
formation for what it may be worth. It is conservative in that it 
holds fast what represents reality, and progressive in that it re- 
ceives new truth continually and gives it the proper relation to 
existing knowledge. 

We can have no better illustration of open-mindedness than that 
given by the wide contacts of Thomas Jefferson with fields of 
knowledge and investigation ranging from organization of human 
society to the ultimate meaning of the earth and the environment 
in which we live. Some of the best evidence of Jefferson’s ability 
to accept facts for what they are is given in his paper published in 
1797 presenting the first study of an extinct vertebrate or back- 
boned animal in North America. These bones were secured from 
a cave in Greenbrier County. They were seen to represent several 
parts of a skeleton, including an enormous claw unlike anything 
which he was then able to find for comparison. Strange as the 
specimen seemed, Jefferson did not call it a concretion, a chance 
resemblance of rock to bone, or a reject thrown aside by the Creator 
in building the world. He did not hesitate to say that these odd 
fragments represented an animal that had truly lived, and wrote: 
“In fine the bones exist, therefore the animal has existed.” 
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Just as Jefferson drew lessons from the fossils and the rocks so 
he attempted to understand and interpret a wide variety of phe- 
nomena and conditions about him, and among other ventures car- 
ried out a study extending over thirty years on the languages 
of the Indians of America. Thus it came about that his judg- 
ments upon the great and immediate human problems of the people 
whom he helped to govern were made with a perspective which 
did not permit superficiality, immediacy, or personal interest to 
swerve him from what seemed to be true interpretation. A spirit 
of inquiry made it possible for him to recognize that gaps exist 
in knowledge and that constructive effort and unbiased judgment 
are absolute requisites if these spaces are to be filled. 

The immediate purpose of an education is to give the individual 
a range of action through any or all directions in which his interests 
may lie. In the time sense, the objects of education do not con- 
cern the immediate future of the individual, nor do they concern 
the individual alone. The young man who takes up his life work 
having passed through grammar school, high school, university and 
a post-graduate course, has not given this time and preparation 
especially or specifically for the years immediately succeeding 
separation from college. If this were all that is concerned, appren- 
ticeship in a practical business would fit him fully as well for these 
particular years. To one attaining the age of graduation, say at 
twenty-two, life insurance companies give an expectation of a fur- 
ther long period, of which at least half is subsequent to the seven 
years following graduation. In other words, the time of maximum 
activity and capability for interest, enjoyment, and effectiveness in 
life lies mainly after such a post-graduate period of apprenticeship. 
The time of greatest satisfaction in work to the individual himself 
may lie between thirty-five and sixty-five because this is the stage 
of greatest accomplishment. It is mainly for this period and not 
for the immediate future that the student’s education is planned 
and paid for by community or by individuals. 

For this long time of maximum constructive activity it is not the 
details and superficialities of education that count. Problems of 
radio-telegraphy, radio-telephone, transportation, bacteriology, 
road-building, and salesmanship which may be critical at the time 
of study, say at eighteen to twenty-two, will be largely out of date 
by the time the man reaches thirty-five; but the basic principles 
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and laws which underlie these activities and which furnish the tools 
by which the great, new problems of the student’s life between 
thirty-five and sixty-five will be solved, are derived from the funda- 
mental studies and their wider applications which should be cov- 
ered within the educational period. These foundations of knowl- 
edge will continue of increasing importance for all time. 

True education must also relate in large measure to development 
of the attitude of mind that makes it possible for the student to 
construct or create, in order not merely to meet emergency situa- 
tions but to assist as well in the natural development of existing 
conditions into the more intricate complexes of future years. We 
should be prepared to solve problems as new to us as radio-tele- 
phone would have been to our grandfathers and we must develop 
new methods or appliances out of or by use of laws which we now 
know as basic in science or in its application. 

We must not omit to say that an education is incomplete in 
another dimension if there is failure to recognize that the differ- 
ence between constructive activity and the lack of it may. be the 
difference between human individuality and that type of existence 
which represents merely the passing on of the talent given to us 
without development of it in any way, and almost necessarily with 
impairment of value in the transfer. Some persons are not, prop- 
erly speaking, individuals in the human sense. They are cogs in a 
wheel or links in a chain which others utilize. 

We place much stress upon the idea of personal liberty and are 
prone to give ourselves to discussion of individual immortality 
without recognizing that the problem which is immediately before 
us really concerns individuality first of all, and is a question in 
which the determination of one phase lies seein the power of every 
person. Many refuse individuality because it means responsi- 
bility. One cannot be an individual without differentiating him- 
self from the world about him by service or by influence. Indi- 
viduality means the assumption of judgments, the playing of a 
specific part in life. It means careful decision as to one’s relation 
to other persons similarly situated. It goes without saying that 
immortality cannot exist without individuality and it might also 
be said that the immortality toward which many look represents 
merely the continued being of the individual in the self-centered 
sense, instead of the immortality of recognition made possible by 
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assumption of activities which create a place of significance and 
responsibility. 

The qualities of greatness in Jefferson I hold in large measure to 
rest upon his constructive ability applied with good judgment and 
open-mindedness; but the range of his knowledge and the depth 
of his perspective gave unusual possibilities for valuing the ma- 
terials which he used. A distinguishing characteristic of his self- 
education is found in the fact that he did not limit himself sharply 
to any one of the special fields of study but permitted his spirit 
of inquiry to extend through nearly the whole range of scientific 
and humanistic knowledge. He saw in some measure what modern 
science has brought out with increasing emphasis, namely, that the 
wider the range of investigation the clearer it is that physics, chem- 
istry, astronomy, and all other so-called physical sciences have be- 
hind them certain fundamental laws which offer a basis of inter- 
pretation for the whole field of science. And so he realized again 
that in the principles of economic law, of history, of government, 
and whatever concerns the regulation of human conduct, there are 
basic ideas or laws without the understanding of which political 
effort becomes a mere makeshift for immediate purposes. 

So let me suggest that in the contemplation of what should now 
be involved in education we require not merely the correct attitude 
of mind but with this the student or the instructor should have 
that breadth of vision which permits him through contact with a 
reasonable range of subjects to see not merely man but the char- 
acter and dimensions of the universe in which he works as well. 
No education can be complete which does not recognize the need 
of understanding the environment in which we live, the nature of 
man as fully as we can know it, and something of the relations 
which naturally obtain in the organizationof society. The breadth 
of an education should cover these phases of knowledge in the 
form of the simplest possible interpretation of the fundamental or 
underlying laws. We may not know the vast bulk of detail in- 
volved but we should at least recognize the principles of organiza- 
tion and the meaning of the plan reduced to its simplest terms. 
Any one who passes through a university without having come to 
see, and in some measure to understand, the essential facts relating 
to the nature of man, the interrelations among human beings, and 
the relation of humanity to its environment, has missed the oppor- 
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tunity to secure knowledge which he will often need if he is to help 
in solving those outstanding problems for which vision is requisite 
as well as leadership. 

Jefferson assumed responsibility for constructive thought in 
nearly every field with which he came in contact. His greatest con- 
tributions appear to have lain in creative statesmanship and in 
education. He is characterized by the many dimensional develop- 
ment of his education and life expressed, first in an intimate inves- 
tigative relation to the natural world about him; second, in the ex- 
pression of his knowledge through scientific writings; third, through 
his great contribution to the organization and establishment of 
education; and fourth, in the application of his knowledge to the 
greatest of all problems, namely, that of human relations in govern- 
ment. Noman can serve as precise pattern to all who follow. But 
the open-mindedness, breadth of view, assumption of responsibili- 
ties through constructive thought, and the application of it all to 
the human problem, in my mind make Jefferson’s interests and oc- 
cupations typical of the kind of vision and attitude of mind which 
should appear in the student who secures from an education the 
things which are most fundamental and most important. The 
ideals which Jefferson proposed for education are expressed in the 
organization of your University. I am sure that in the develop- 
ment of these ideals the plan will be recognized not as formal and 
fixed, but as having in itself those characteristics which make for 
its own improvement with change of circumstances and of human 
environment, and that the spirit of the University will be that of 
progress, made certain by your fidelity and courage arising from the 
desire to better all conditions for all men. 


SCIENCE AND THE CONSTRUCTIVE LIFE 


NDOWED with a mind that may not be denied the privileges of 
thought, human-kind has never been able to avoid attempt- 
ing definition of purposes and objectives in life. Philoso- 

phies and religions of all ages have developed in response to this 
desire. Although we tend to consider practical matters as concern- 
ing mainly the present, and it may seem easy to drift without defined 
ideals, today, as at all times, we are moved by desire to live with a 
purpose. 

Objectives in life are determined partly by appreciation of our 
capacities, and in part by understanding of conditions under which 
we live.—To those convinced that human beings have no capacity 
for what is called immortality, and that there is no relation between 
life of today and any later life or activity, it might seem logical 
policy to eat, drink, and be merry, since tomorrow we die. For 
others, who think of all that represents the flesh or the physical, 
worldly life, as something to be crucified, it may appear desirable to 
stake everything on what comes beyond the grave. 

If from any source of knowledge it were to become clear that six 
days of creation ended the building process, there might be no need 
for considering it important to do more than maintain what exists. 
If, however, we discover that man is constitutionally a creative 
being, that history shows a continuing process of development, and 
that future ages may profit by our constructive effort, then life 
today may seem to present great opportunities and responsibilities. 

From one point of view our attitude is defined by influence of 
accumulated experience and vision of the race. On another side it 
is determined by the circumstances of personal experience. 

Through the centuries, practically every great contribution to 
thought or action has influenced our views of life. Sometimes this 
influence was exerted by great literature, philosophy, or art, some- 
times by commerce or war. So in this age of science, it appears 
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natural to see arising a voluminous literature concerning possible 
influence of the scientific method upon our thought regarding life. 

Seen from the side of personal history, every human life is in large 
measure controlled by a program of development which we are 
practically powerless to change. From an infinitesimal germ we 
develop through the stages of embryo, helpless infant, youth, 
maturity, and old age, all in accordance with biological laws or 
modes of procedure which have been hundreds of millions of years 
in finding their present methods of expression. When, in youth, the 
period of conscious human living is entered, much of the zest and 
joy in life derives from this continuous change to new fields of 
interest opened by developing strength and capacity. 

Even after maturity is reached, we are involved in a process which 
accustoms us to change of conditions. Each person succeeds in 
turn to various opportunities and responsibilities. Not only money 
assets, but social and political power of the preceding generation are 
inherited. Ifa bank officer, or a university instructor, waits pa- 
tiently, and holds his own, he becomes a senior in the business, 
because those who made the places before him have moved on. 

So large a part of the total volume of movement in life is of this 
nature that it simulates in a manner the operation of a mechanical 
stairway, with upward movement of the individual attributable to 
operation of forces over which he seems to exercise no control. 


But, in reality, over the ages mankind has progressed. The 
total cultural value called civilization has increased in variety and 
usefulness. This means that the mere inheritance of opportunity 
and responsibility requires increasing effort. Merely striving to 
maintain what has been secured imposes a requirement of concen- 
tration adding to the zest of life, and introducing a selective element 
in succession to positions. 

Accumulation of values which collectively make our culture or 
civilization can be explained in part by accidents of discovery. 
Whether or no Charles Lamb, in one of his interesting essays, was 
correct concerning the origin of roast pork by having the house burn 
down with pigs in it, this type of discovery has occurred frequently. 
But the principal factor concerned in our advance has been the 
inherent intellectual curiosity and building instinct of mankind. 

It is these higher qualities that have given us opportunity for 
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progress in all aspects of cultural achievement. In a most funda- 
mental sense this is the striking character that distinguishes man 
from the universe of things and beings about him. It 1s this quality 
that makes possible almost limitless achievement, and, in its creative 
aspect, represents the highest attainment of mankind. 

With special emphasis at particular times and places, constructive 
and creative effort have marked the history of man through all 
stages. The first tool-makers increased effectiveness of human 
hands, the architect, in giving permanent shelters, produced the 
framework of social organization through defining the necessity of 
human adjustment and co-operation. 

Great creative concepts arising from the imagination have been 
developed by the mathematician, engineer, architect, artist, musi- 
cian, poet, philosopher, theologian, student of social and govern- 
mental organization, and in many other ways. Continuing develop- 
ment of language, giving bettered form to thought and expression, 
was one of the greatest of all creative works. 

In past ages each of these types of activity, from engineering and 
architecture to philosophy, stimulated in the people of its day an 
interest in creative achievement as giving exceptional measure of 
satisfaction and recognition. Each in its way moved the individual 
mind, and the collective mind of society, toward clearer apprecia- 
tion of objectives in life. They also aided in defining individuality 
of the workers. Through understanding of this situation mankind 
has been led to shape its course, in considerable part, by desire for 
achievement or realization of ideals. 

The world today furnishes at the same time the results of all the 
many accomplishments in constructive and creative work. Also it 
presents them in such relation to each other that they are seen as 
supplementing parts in a unified scheme of knowledge. 

Among the outstanding features of our own age there can be no 
doubt that some of the most striking owe their existence to influence 
of what we have called creative or constructive work in science. 
Although the method of science is not new, and it is not necessarily 
the most important type of constructive effort, it has affected the 
structure and purposes of society so profoundly as to warrant recog- 
nition as one of the great forces in history. 

While in some respects the scientist is better described as dis- 
coverer or explorer than as builder or creator, modern practice has 


2072 PUBLISHED PAPERS AND ADDRESSES 


accustomed us to speak of scientific work as constructive, and 
sometimes as creative. 


Science in its earlier phases seems to have been in large measure a 
classification aspect of knowledge. Modern methods gave, as it 
were, new eyes and new modes of analysis. The old boundaries of 
perception by the unaided senses were broken through. We might 
have been created with x-ray eyes, or apparatus for perceiving cos- 
mic rays. But such means of observation were left to discovery 
by the mind. Modern investigation has opened unbelievable vistas 
into the so-called natural world, into the power and energy about us, 
and into past time with its changes and their consequences. The 
molecule, atom, electron, our own solar system, the spiral nebulae, 
the marvels of microscope, telescope, spectroscope, have all con- 
tributed to the picture. At times, it seems hard to believe that 
before the recent epoch of discovery the wonders of nature were all 
here—ready to be inspected, but without our knowing it. Modern 
advances have also modified materially our views as to what the 
universe really is. We know that the limits are not reached in any 
direction, and naturally inquire what lies beyond. 

What has been brought into our lives by science really represents 
two types of contribution: one comprises the newly found realities 
discovered in nature and in ourselves; the other is represented by an 
attitude of mind or a method of approach. 

What is given us in the infinity of new views of nature opened by 
science is a tremendous factor in life. It is not possible to think of 
the new universe of quickened atoms, of incomprehensible space, or 
of inconceivable time, without holding up to this background our 
ideas as to place and purpose of the individual. 

In a comparable sense our views of life are modified by what may 
be called the method of science—that is, the idea that decisions 
must rest upon facts, and that in the search for knowledge and its 
logical use lies the foundation of safe living. What is called investi- 
gation or research is only the expression of this attitude of mind. 

We seem to be approaching a stage in everyday affairs, as well as 
in science, where we question the judgments of those who do not 
have fully open minds, and who have not at least felt out the borders 
of knowledge. The teacher who has not experienced the subject or 
problem he describes is not a certain interpreter or guide. Whatever 
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else may be involved in education, an understanding of the spirit 
of inquiry and of construction is essential. In the same way the 
doctor can never be wholly safe until each case becomes a special 
case and all obtainable information 1s brought into use. 

Conditions in all of life are so complicated and continuously 
changing that no rule of thumb method can ever suffice wholly. 
Only the method of continuous, honest inquiry can give safe guid- 
ance. ‘The financier who once advised you to buy a gilt-edge bond, 
“put it in the safe and forget it,’’ now states that there are no securi- 
ties that one may lay away and forget. All must be revised in the 
light of continuously changing conditions, with the spirit of inquiry 
and high quality of judgment essential. 

One of the interesting findings of science is that isolated facts or 
groups of facts instead of giving reality may, by reason of lack in 
relationship to other facts, represent a high degree of unreality. 

In many ways constructive science has tended to increase rather 
than to diminish values attributed to that which rises directly out 
of human imagination. 

So far as human problems are concerned it is essential for science 
to recognize the “human” view as itself a reality to be reckoned 
with. As indicating one aspect of this situation, I quote the follow- 
ing lines from'an editorial in the great English journal Nature: 
“Reason alone may be an incomplete guide for the control of human 
affairs and lead us into a tyranny which becomes intolerable to 
human nature because of its disregard for human values.” 

Modern scientific philosophy demands both a universe without 
and a world within. The atom and the spiral nebulae we know are 
not just imagined. Nor can we set aside as unreal the early history 
of this planet with its Cambrian seas, the dinosaur, and the sabre 
tooth. At the same time we may not deny to each person the 
influence of ideas that arise from conditions producing his mental 
states. The Governor of Yucatan, who, in speaking to me of 
methods for handling prisoners in a penitentiary, asked ‘Shall we 
punish, educate, or operate?” recognized a great truth not too often 
given its full value. 


Science has shown us also the intimate relation between what has 
been, is now, and will be. Whatever the so-called evolution view 
may be found to mean ultimately in biology, it leaves us with a 
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world in which we recognize continuity of program, and tendency 
to advance in complication and understanding, which is sometimes 
recognized as progress. All of these elements the scientist must 
consider together. 

Under modern views of science we have a more vivid assurance of 
the nature of the universe, and of possible attainment in life, or its 
ultimate influence, than has heretofore seemed possible. There is 
also recognition of the fact that nothing in life may be cast aside 
wholly. Things that once seemed sources of evil, and worthy only 
to be destroyed, are now accepted as parts of life, each in its place. 
Whatever advance we make is by process of balancing values and 
through evolution. Humanly this is not done by throwing aside 
the old self, but by building upon it. 

The net influence of such a situation upon our objectives in life 
is to give increased value to effort designed to build forward, with 
more, and not less, respect for and confidence in the world of things 
both about us and within us. We acquire increased faith in the 
elements with which we deal, and lengthened hope for what may 
derive from them. 

At the same time let there be no misunderstanding regarding the 
fact that science does not pretend to visualize either beginnings or 
endings. It has only faith, on the basis of value in that which can 
be visualized in space and time as we observe it. 

It has not been the purpose of this discussion to indicate that 
science is to be looked upon as in any sense covering the whole 
range of constructive thought or activity. [Illustration of this 
particular mode of thought in our own age is used partly because it 
represents a current attitude of mind, which may exert deep influ- 
ence upon ideas as to trend and purpose of life. Partly it has been 
presented as a means of approach to consideration of one of the 
most important ideals in life, namely, the view of the builder with 
hope for the future. However you may interpret the Tower of 
Babel and its makers, it represents a continuous urge to form new 
structures in the hope of satisfying human desires. Ten thousand 
years hence, in similar way, they may describe our strivings to find 
something which can lift us out of present woes. Science is assumed 
to represent only one aspect of constructive life, which through its 
influence may have wider reach than commonly has been assumed. 

In the sense of producing things which had not existed previously, 
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many activities of earlier periods were, perhaps, more clearly 
creative than modern science, so far as specific achievements of 
science are concerned. It is commonly when invention and engi- 
neering application come to use results derived from science that 
truly creative work appears. 

Let there be no doubt that science can proceed only by aid of 
mathematician, engineer, philosopher, artist and teacher. With- 
out philosophy science is only pieces of things ready to be put into a 
building. It is of course also true that without the explorer or 
searcher for facts there can be no advance of science, but these two 
statements are not mutually exclusive.—Without the interpreter 
and applier science does not attain its mission. Perhaps engineer, 
poet, and preacher are among the greatest and most truly human 
interpreters. 


With all its achievements, science can occupy only a humble 
position relative to other types of contribution. Outstanding in the 
world’s work are the accomplishments in social and governmental 
organization, the evolution of mathematics, literature, the fine arts, 
and religion inits manifold forms. In constructive or creative work, 
contribution in these several fields piles mountain high. 

And yet, having recognized the value of all other creative effort, 
there is reason to suggest that, fitting itself to these many forms of 
activity, constructive development of science has future possibilities 
so important that they may go far toward moulding the future of 
mankind. 

As has been pointed out, these possible influences include the 
scientific method, which requires facts and their orderly arrange- 
ment. Often the quest can be only through meticulous, penetrating, 
insistent effort to find things that might be considered small, with 
the hope that they may explain other elements which we recognize 
as highly important. These influences arise also from the knowl- 
edge that we are able to reach through space and time, beyond 
walls that have not seemed penetrable. This view of the outside 
world, and of the nature of man himself, corresponds to conceptions 
once classified as being only in the realm of fancy. 

‘With these influences of science there should also be mentioned 
again the realization that logical development of scientific thought 
indicates a continuity of events placing man in a scheme of things 
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stretching from an almost infinitely remote past through the present, 
to a future which is not defined, but which must hold its relation 
to present and past. We are, as it were, partners in past, present, 
and future. In this relationship we see a movement or development 
of events that rests upon what has been considered a constructive 
process. 

It is important to recognize the future of science as intimately 
bound up with that of the other great aspects of human achieve- 
ment. So close is this tie that these phases of knowledge must be 
looked upon as interdependent. 


The thread of interest in constructive living runs through all 
human effort. While we never see fully what it means, as knowl- 
edge progresses the tendency to movement, or to advance, in the 
world about us becomes more clear. The idea of having part in a 
great program becomes increasingly important. Small though it be, 
there is dignity in such relation beyond any other purpose or end. 

To determine what the part shall be for each person is one of the 
great tasks of the future. Education must give perspective, with 
broad vision of the entire field, and at the same time help the in- 
dividual to his place or opportunity. 

What remains to be done in the future is greater than the past 
has ever visualized. What do we yet hope to know regarding the 
so-called material universe, concerning life, man as an individual, 
disease, government, opportunity for joy of life?—All are still to be 
understood.—What is there to do in literature, art, the simple life 
on a high plane? What greater world could one present for con- 
quest, what more wonderful adventure, what larger reward? 

When we consider that human-kind secures its satisfaction largely 
in movement or growth, it is clear that, unless this is to be obtained 
merely through accumulation or through the destructive pleasures, 
recognition must be given to the constructive aspect of life. It is 
something more than merely “growing up” in the sense of human 
maturity, or succeeding to positions by “seniority” as superior 
officers die, or “coming into money”’ by inheritance. In such a life 
is to be found the opportunity to leave the world better than we 
find it, to build something into the structure of knowledge, or 
government, or means of maintenance of life, or ways of normal 
enjoyment. Those who leave the world better than they find it, 
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and do not at the same time escape the burdens as well as the joys 
in doing their part in maintaining and educating the race, are the 
ones who truly live. Whatever other aspects of continuity in 
influence of the individual may be found, these, at least, live on 
through the ages. 

“Tt is said that geniuses are born, not made; but those who come 
into the world to live non-contributive, purely individual lives, 
leaving the world no better than they find it, may be only made, not 
born.” 

We remember that the Great Teacher explained to Nicodemus 
the Pharisee: “Marvel not that I said unto thee, ye must be born 
again.” With all the spiritual meaning that this saying carries, 
may it not suggest to us also that constructive service gives, with a 
sense of reality, a new and true life, a verifiable personality or 
individuality in the kingdom of creative beings.—What greater 
work can a university perform than through its culture, its vision, 
and its constructive power to open the way for that kind of service 
which brings the joy of progress and the continuing rewards of real 
accomplishment? 


Founder’s Day at the University of Virginia is an occasion of 
especial appropriateness for considering the idea of constructive 
effort as a dominating purpose in life. Among great characters 
in history, Thomas Jefferson represented an attitude of mind com- 
bining in unusually intimate relation the creative aspects of philoso- 
phy, art, engineering, science and the study of social or governmental 
problems. His contributions to science, as I see them, are evidence 
of a breadth, a depth, and a penetration of vision influencing every 
phase of his work. 

In his undertakings Jefferson combined exceptional use of the 
constructive aspects of science and art with knowledge bearing 
upon the ultimate human significance of his problems. There can 
be no pattern better calculated to direct attention toward high 
purposes in living. Of the ways in which he influenced this Uni- 
versity in its beginnings, none exceeded in importance the imprint 
of his ideas concerning creative effort as an interest in life. Through 
continuing contribution by your great institution of learning, de- 
voted to truth and to progress, the example of this truly constructive 
life will never cease to point the way toward knowledge, enlighten- 
ment, and rewards of the builder. 


CHARTS AND COMPASSES 


rHEN Columbus sailed from Palos in August, 1492, he had 
just enough of vision regarding his objective to nourish a. 
/ germinating hope, and little enough of assurance to make 
te chance of his voyage exciting. As primary features in equip- 
ment, he possessed a burning enthusiasm for adventure in the un- 
seen world to the west, and had fairly safe means of guidance as to 
direction through a mysterious instrument, the compass. 

The navigating instrument which Columbus used was a sufh- 
ciently reliable basis of reference for direction to make possible 
steering a safe course across the sea. What held the needle to 
its position was then an unsolved mystery. And even now, after 
four hundred years of investigation, these influences of earth mag- 
netism are nearly as great a problem as in 1492. We know that the 
forces are bound up in the structure of the atom, and that in the 
compass they seem to reflect a geographic or space influence con- 
cerning the whole earth. 

It is interesting to note that the degree of dependability of the 
compass came into question as Columbus moved west. In time it 
appeared that the needle no longer pointed north, and doubt arose 
as to the wisdom of continuing the voyage. If Columbus could 
have obtained the complete story of this type of instrument, he 
would have found that not only does it change direction from 
place to place, but it varies also from time to time in the same 
place. So today at Palos, from which he sailed, the compass points 
about fifteen degrees west of the direction indicated in 1492. 

Columbus moved out into a new world which seemed a natural 
extension of the region in which he lived, and yet it was veiled and 
mysterious. In some respects, his vision of the unknown geographic 
region to be traversed corresponds to the order of experience fac- 
ing youth, as it adventures into new regions of time. In neither 
case is the transition abrupt. The flood of years just ahead does 
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not appear to present possibilities more different from those of the 
moment than were the waves that danced under sunset lights of the 
western ocean unlike the sea from which Columbus sailed. 

At the time of this historic voyage uncharted geographic regions 
were made relatively safe, so far as direction and points of reference 
were concerned, either by the dependable courses of the stars or by 
the mysterious power which held the compass needle in position. 

Uncharted time, as we look out toward it, may seem less 
mysterious because we have possessed and used time in many 
most matter-of-fact ways. And yet there is no mystery greater 
than that embodied in what the coming years hold, and how we 
can meet what they will present. 

The specific purpose of my remarks today concerns the problem 
of guidance and lines of reference available on this excursion into 
time. What, for example, could one say regarding possibilities of 
direction and guidance in time comparable to that furnished for 
geographic journeying by use of the mysterious but effective means 
available in that kind of exploration? Are we to find for move- 
ment through time instruments or principles that are comparable 
to those which orient us with reference to direction in space? Shall 
we be able to discover means of determining extent to which 
changes are to be expected? Are we to find that, as in geographic 
adventuring, such guidance and determination of direction may 
come from things that are mysterious and yet reliable for special 
purposes?! 

Some may assume that the program and laws of civilization have 
been so satisfactorily laid out that, rather than a compass for 
steering courses in uncharted regions, there is need for means of 
breaking away from fixed lines of travel. But the story of time 
as we know it does not support such a view. There may be reason 
to expect more range of variety and extent of change through time 
than would be met in journeying up and down the seas. Over the 
ages the unexpected and untoward experiences of mankind have 
been so numerous that one properly inquires whether we have given 
full recognition to guiding influences and points of reference as 
means for aiding that development or progress in which we profess 
to be interested. 

The possibility of furnishing adequate guidance for mankind and 
his civilization through the ages depends upon ability to attain suc- 
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cess in two extremely difficult tasks. One involves discovery and 
formulation of instruments or principles making possible an appre- 
ciation of the major forces of both the continuing and the changing 
types as they operate through time. The other problem concerns 
the means for cultivating in the stream of generations, as they pass, 
a true understanding of these principles and their human signifi- 
cance. 

The first task is a responsibility of the investigator. The second 
relates to education. On this occasion I am concerned principally 
with the second phase of the question. And specifically I am in- 
terested in the point of view which may be taken when one passes 
from the more formal education of the curriculum to the stage of 
self-education and experience of later life. This is the status of 
graduating classes at the moment. 

The relation of education to this question of continuity in guid- 
ance is illustrated by consideration of the major educational influ- 
ences to which you have exposed yourself in these recent years. For 
use in this discussion you may consider education as having, among 
other purposes, four outstanding objectives: 

1. To aid you in the effort to know yourselves well enough to 
judge your capacities and your future opportunities. 

2. To help in developing initiative and constructive mental 
power. 

3. To make available such facts from the vast accumulated 
store of knowledge as you can use to advantage in your chosen 
activities. 

4. To give the power to profit by values of experience and wis- 
dom as tested through the ages. 

Of these several attitudes in education, the first, relating to 
capacity, presents difficulties, but commonly the answer is given 
through expression of personal interest in the work for which one 
is best fitted. 

The second concerns development of ability and love of construc- 
tive work, without which life would be stale and dreary. 

The third represents routine accumulation of facts, as grist for 
the mill arising from materials furnished by the first two purposes. 

The fourth objective concerns the nature of continuing experi- 
ence, with values derived from age-long human judgment. With- 
out the contribution derived from this view, each generation, for 
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the time of its ephemeral existence, would begin over again the 

task of coming to know the significance of the infinitely complex 

and changing universe of things and of people in which it lives. 
The possibility of passing over to each generation the values of 
judgment or wisdom of the ages regarding this changing world is 
the most difficult and perhaps the most important problem of edu- 
cation. It is the most difficult because it represents aspects of vi- 
sion concerning what is derived through actual experiencing of 
changes in time, such as youth can have had only in small measure. 
It is perhaps the most important because it relates to the purposes 
and accomplishments of living. To be sure, life can be lived with- 
out such approximations to knowledge, but it cannot have that 
definition of aims or objectives which seems so clearly essential to 
satisfactory living. 

Some years ago I stood for the first time on the summit of a great 
pyramid rising above the jungle in Yucatan. As far as the eye 
could reach across the plain were groups of shattered and decaying 
buildings, ruins of a vanished civilization. Here and there were 
humble dwellings inhabited by descendants of the builders and ar- 
tisans who framed and used these ancient cities. A friend standing 
with me said he was impressed especially by the depth of a great 
silence. My comment was that this vision of the jungle, engulfing 
a vast wreckage representing splendid accomplishments in archi- 

tecture, art, human organization, religion, gave overpowering appre- 
ciation of what happens when education is completely interrupted. 
There remains in that region today a vigorous and capable people, 
lovers of the finer things—but the charts, plans, ideals, visions of 
what might be accomplished, the accumulated experience and wis- 
dom of ages, are gone. 

But where, as in our own land at present, the currents of time and 
life flow on without serious deviation or interruption, the signifi- 
cance of possibilities such as those illustrated in the Maya civiliza- 
tion of Middle America have little weight. And sometimes, carried 
by the momentum of elements moving around us, we may hold to 
the mere superficial appearance of things, giving little attention to 
the greater instruments and principles which, like the compass on 
the voyage of Columbus, can give points of reference and direction, 
without which movement may become aimless and progress only a 
matter of chance. 
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What would happen if with us education were stifled for but a 
single generation? What that is now carried along continuously 
represents elements that are essential to such progress as we ob- 
serve? 

Today we stand secure in the feeling that the structure of civi- 
lization may not be broken. Such has probably been the attitude 
in every country which suffered a fate like that of the early Ameri- 
can culture. How safe are we today in spite of science and edu- 
cation? Can we forget that it is only a few years since in the mad 
rush of wealth accumulation it seemed as if in this country some 
believed the mathematics of business in which two and two made 
four to have been set aside, and that, under modern conditions, two 
and two made five, or seven, or nine? 

Now, as always, the real questions concerning security are not to 
be answered by consideration of that infinite group of superficial 
details which to many may represent life, but which time proves to 
be only surface gloss. It is a strange phenomenon that much of 
what is most important to us we come to know commonly through 
abnormal conditions. It seems almost necessary for us to be ill 
before we give attention to what constitutes the requirements of 
health. This is true not only of digestion and circulation, but of 
our mental, social, and spiritual well-being also. 

It frequently requires what we call a “jolt” to make us aware of 
digestion or social responsibility. We seem to need such an ex- 
perience as the vision of an extinguished civilization to make us 
inquire regarding security as to structure and course of that human 
organization which we help to build. 

Considering the progress of civilization from a somewhat different 
point of view, it is sometimes said that our advance may represent 
any or all of three methods. 

One is just chance; a second is permitting nature to take its 
course, on the assumption that there are underlying natural laws 
that will carry us forward slowly, surely, and perhaps at great ex- 
pense; a third method is by guidance through use of our intelligence. 

That “just chance” rules the world is to most persons expression 
of a state of mind that indicates either lack of vision as to what 
exists, or a special use of the word “‘chance.”’ 

That, according to the second method, great laws or modes of 
procedure underlie and guide the movement of events in nature 
about us, in the history of man in early stages of his development, 
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and now in the period of our awakening, becomes increasingly clear 
with careful examination. 

That, as the third possibility, human intelligence can plan prog- 
ress over the years beyond is also evident, within limits which seem 
to widen as interest and attention in the problem deepen. 

It is also increasingly clear that planning the development of 
our world, and of man in it, can succeed only where adequate 
attention is given to those great principles which underlie nature 
and human life. Much of what we have erroneously thought to be 
advance has taken place with little regard to what the world and 
man really are, and without recognition of fundamental qualities 
and modes of growth established by milleniums, or by vastly longer 
periods of development. The record of man’s work as assembled 
in history is only too largely a succession of shattered hopes, unful- 
filled desires, broken treaties, and suppression of movements de- 
signed to accelerate progress. Out of the accumulating heap which 
represents the past we have surviving values of a few features 
continuing with unabated influence. 

With special reference to the problem of charts and compasses 
and guides, both for civilization and for the experience of this 
graduating class, it is the relations of chance, great principles or . 
laws, and the application of intelligence that I have particularly in 
mind. 

Of the principles seen in the natural development of life, we may 
think of one class as operating through long periods as stabilizing 
agencies, and of another group which expresses methods or modes 
of change. The first, like gravity, may hold the world level; the 
other, like evolution, may indicate that it will change and in a 
particular direction. 

The task of determining what are stable and dependable ele- 
ments, and what are indicators of changing conditions, presents 
almost infinite difficulties, but real progress has been made. Per- 
haps we do not know more regarding the true or fundamental na- 
ture of these features than has been learned regarding earth mag- 
netism and the compass. But there is in them evidence of reliable 
guidance through time comparable to that of the compass for use 
over the seas in space. 

To present a discussion of all instruments or conceptions which 
might serve as compass or chart through time would require a com- 
pendium of general knowledge. The idea may be expressed 
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through illustrations which your own knowledge will extend. From 
the broader field of science, I have no hesitation in stating that the 
principle of development, or evolution, beginning with the origin of 
stellar systems, reaching through vast ages covering the story of 
this earth, and leading into development of human life and institu- 
tions is one of the greatest aids to vision that knowledge has yet 
produced. Microscopes permit us to peer into infinite littlenesses; 
telescopes give us views across great stretches of space. Broadly 
conceived, evolution is something which shows us the movements 
in time, and presents also suggestions concerning the future which 
intelligence cannot avoid. 

Twenty years ago H. G. Wells published a little book, “The Dis- 
covery of the Future,’’ a document of compelling interest based 
upon this principle. I am moved to quote the following lines: 
“We perceive that man, and all the world of men, is no more than 
the present phase of a development so great and splendid that 
beside this vision epics jingle like nursery rimes, and all the exploits 
of humanity shrivel to the proportions of castles in the sand.” 

From the point of view of fundamental vision in human relations 
I would recognize the Sermon on the Mount and associated docu- 
ments as one of the greatest guides for future conduct. To me it is 
not merely a point of view in religion, but is a statement wholly 
sound in ethical principle, in definition of effective human relations, 
and one following closely our fundamental scientific conceptions. 

I would place the principle of individual liberty, basing itself 
upon self-respect and constructive ability, as properly something 
in support of which any sacrifice might be made and on the basis 
of which future civilization must in some measure rest. 

Let there be no doubt also that recognition of responsibility to 
the community, with the principle of human service, represents a 
phase of relations which is of infinite value for the future. 

And, for the inner life, there can be no question that the basic 
principles which have dominated great art, great literature, and the 
great religions, if given opportunity for adequate expression, are 
among the most fundamental interests both for stabilizing and for 
development of effective and satisfactory human living. 

One of the problems in use of such features as have been de- 
scribed, lies in the difficulty of making clear to those having as yet 
little opportunity for experience how important these findings may 
be. Much that you as students have received in education will 


CHARTS AND COMPASSES 2085 


not begin to obtain its value until through the illuminating and in- 
spiring influences of contact with realities in later life you come to 
appreciate the meaning of what has been said or done. 

Some of your educational experiences may resemble innoculation, 
which can be expected to develop only when you reach a place in 
time or a special situation in life where your intellectual food and 
drink are favorable to development of that germ—and it will then 
grow into a culture that will aid in clarifying vision. 

In education the element of inspiration holds a sacred place in 
which, as it were, there is passed on the fire of living souls. Under 
the illumination of personal contact with great realities, or through 
touch with minds lighted as if by fire from on high, vision awakens 
in you new vision, and the deeper mysteries take on clearer meaning. 

But we must not forget that the relation of great principles to 
future voyaging is not to be considered solely in terms of civiliza- 
tion broadly—for the possibilities of making a living in the partic- 
ular year following graduation, it is a question whether many 
would not seem to be in better business position had they taken 
apprenticeships to work their way along. But an education is 
needed most as a basis for building such as may become broad and 
ultimately high. It is not merely for the year after graduation but 
for all of life that one prepares. To what extent will the special 
guides which you select give light and wisdom needed in those 
later stages of life when the greater questions come to replace the 
lesser? 

In this day of great discoveries, big business, and world politics, 
civilization and the individual face situations through which only 
the most refined vision can penetrate. Just as in the physical and 
biological sciences, intelligence has found the way to unbelievable 
attainment. So in study of man and his future I look to see de- 
velopments of corresponding magnitude open the way to wider 
understanding, and to such a comprehension of navigation through 
the mists of time as may meet our coming needs. 

No generation of all ages has had greater vitality, and finer 
enthusiasm for its task, than the one which now moves into the 
field of control. May its strength and its vision bring results even 
more important than those which crowned the efforts of Columbus 
in his voyage to what was then a place in the future of discovery, 
but has, in time, become our home. 


SCIENCE AND CULTURE 


mR. CHAIRMAN, Ladies and Gentlemen: 
f I spent part of yesterday evening in a discussion on adult 

y education with a group of men interested in newspaper 
ances as they relate to adult education, and one of the matters 
that we considered concerned the relation of the reporter to the 
scientist. How far is the reporter able to go unless the scientist 
is able to tell him what his paper is about and the subject which he 
is discussing? We insisted that the scientist should make his point 
and assist the reporter in giving a clear statement of the contri- 
bution that he is making to knowledge. 

As I came into the room this evening, a reporter met me here at 
the entrance and asked me what my subject was and if he could 
take my manuscript. I said that my manuscript was in the same 
class with that fire on which you remember the clothing store- 
keeper was congratulated, which story I use to illustrate a point. 
He was congratulated on the fire he had last week, and he being 
clever and having studied the Einstein Theory, said, “That fire 
isn’t last week; it was next week.” And I sometimes prefer to 
write the paper after I have made the speech, and then I am sure 
they agree. 

The reporter said, ““You are talking on ‘Science and Culture.’ 
What has that to do with adult education?” My reply was that 
when the honorable Director of this Association gave me the sub- 
ject, “Science and Culture,” he knew I was an evolutionist, and he 
was quite well aware of the fact that a man who is an evolutionist 
never makes a speech without coming around to his pet subject. 
Someone said to me a few days ago that I ought never to attempt 
to talk on purely philosophical subjects but always stick to my 
own problem. I replied that if he should take a cat and drop it 
from various heights along the wall, four feet, eight feet, sixteen 
feet and twenty feet, the cat would always fall on its feet, and that 
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if a scientist, an evolutionist, doesn’t come back to his subject 
several times in the course of his talk, it is prima facie evidence 
he is not an evolutionist. He must be some other kind of person. 
So the Director of the Association knew I couldn’t talk on science 
without referring to the fact that science and evolution are related 
to adult education in that adult education has to do with a devel- 
oping process. 

According to evolution, we live in a world subject to change. 
It doesn’t come back to the same state, it goes on and on and on. 
We have tested it out for a billion years or so and we don’t find 
variation from that rule. The scientist believes also that this 
same process affects the life of the individual, that it goes on and 
on; it doesn’t stop, so far as education and interest in intellectual 
things are concerned, with graduation. 

I have been much interested recently in attempting to see some- 
thing of the trend of thought over the ages with reference to the 
kind of thing that is in the air at the moment; namely, has the 
world gone wrong completely? Has human intelligence led us to 
the edge of a precipice over which we shall shortly be pushed? 
Every time I study this as an evolutionist, 1 come back to the fact 
that the earliest literature at any rate with which I was acquainted, 
whether it was the first written or not, makes the suggestion that 
two people who were the first inhabitants of this earth were put out 
of this delightful place because they thought they knew too much 
about the situation, and they had to go out of Eden and work to 
make a living. So I am helping today to interpret the social side of 
science in this world. 

I received today a request to write an article in a symposium on 
the question, “Is science wrecking the world? Do we know too 
much?” The same old question that is involved in the story of the 
Garden of Eden, and all the way back through the ages this has 
been one of the questions at the front. 

My comment on this is that it is in the nature of the case. Now 
if you take almost anybody in this room and give that person four 
large drinks of whiskey you expect a changed attitude toward life. 
It will work in different ways. If you take almost anybody in 
this room and turn him over to a skillful student of brain and endo- 
crine, and so forth, and let him perform an operation, the intellec- 
tual process will cease. The best statement I ever heard, which 
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some of you have known me to state to you, is that of the very Red 
Governor of Yucatan who some years ago, standing with me in 
front of the penitentiary at Merida and speaking about the prison- 
ers said, “Dr. Merriam, the problem is, shall we operate, punish, 
or educate?” | 

So I should say, the trouble with the world is that a kind of being 
has been created that has in it that something or other which I am 
not going to discuss in the presence of philosophers and probably 
anatomists, and probably even endocrinists, and so forth. It has 
in it something that gives the urge and this urge pushes on and on 
andon. ‘The poets have stated in all sorts of ways the way we are 
pushed by that thing within. My own feeling is that that urge 
expresses itself whenever there is an opportunity. As a scientist 
I have never been bothered about attempting to get an education 
or develop an interest in anything. I have merely faced the things 
and have been interested. That is not my fault or the fault of the 
things in which I have been interested but it is due to a situation in 
which I have been placed with this urge. 

I ought not, perhaps, in the presence of this group to go farther 
into educational matters, but I will this once and say I have a 
great many friends who think that unless we are careful with the 
instruments that we are using, organized education putting down 
the clamps may be the thing that stops the interest of people in 
things about us and before us, and one of the great questions today 
is, how can we educate without taking people out of that stream of 
thought which leads them to interest when interesting situations 
arise? 

Now the relation that my question of science and culture has to 
adult education is that I believe both science and culture to have 
a very important part in that developing life of the individual 
beginning with the period of graduation, or I hope before it. The 
point that I wish to make, and which I gave to the reporter, is that 
I am a good deal concerned over the tendency of extreme speciali- 
zation in the world at this time: too many scientists who are in- 
terested mainly in science, and too many who are concerned with 
just culture; who look upon culture in the restrictive sense, in 
the passive sense, in a limited sense, rather than with the broader 
view which I like to see as representing culture. 

My own concern is that we develop the right relation between 
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that peculiar urge of science at the present moment and that 
broader vision of knowledge which is represented by culture. If 
I were to give a definition, I would say that science is an attitude 
of mind which has to do with the securing of facts and their or- 
ganization and their presentation. I hesitate in this presence to 
give a definition of culture, but, from my point of view, it is the 
highest refinement of our appreciation of knowledge in the compre- 
hensive sense, it is that wider vision which represents the rounded 
man or the extended view of things covering all that touches the 
human mind and putting each phase of knowledge in its proper 
relation to others. 

I fear to stop to say even a word regarding the development of 
science, because this is dangerous when a scientist is concerned, 
but I may not avoid making the comment that in this particular 
age we have reached a time when after a long period of development 
of science and certain aspects of its normal expression, we came 
suddenly not many decades ago to a time when new ideas and new 
methods were furnished and new worlds appeared. They had been 
there through the ages but we had not made their acquaintance. 
The telescope has opened worlds in space and we reach out farther 
and farther to these distant places which are now measured in 
terms of light years, with light traveling 186,000 miles a second and 
the distance it travels a year being the light year, and we have 
millions of light years representing the more distant regions of 
space. 

Whether you wish it or not, there will be a continuous stimula- 
tion in the educational sense as long as new instruments are dis- 
covered which open new realms for vision and new fields 
for thought, and there will be adult education in astronomy as 
long as new discoveries are made regarding the temperature of 
the sun and of the stars up to millions of degrees and the distance of 
the farthest nebulae in the terms of light years. And education 
will go on through the public press and through the magazines and 
through lectures and through books, whether you plan it or not, 
if the scientist continues his work. 

In the same way, if the microscope and the microscopist go on 
with education, discovering the innermost structures that repre- 
sent the materials about us or our own bodies or life in the broader 
sense, it is going to be a stimulus to thought coming out of it, and 
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the materials of that thought are going to be applied to the most 
practical things of everyday life. I refer to the students of the 
endocrine glands, which practically are the masters of man today. 
You know that the students of development start with the genes 
and chromosomes and they carry us along for a short distance 
with these controls of heredity until they come to the place in 
the story where they hand us over to the endocrines, which. 
carry us on through the rest of our lives. We once thought the 
thyroid did only this and the other glands did only that. We know 
now they are all working together and something else stirs up the 
thyroid and that does something to some other gland, and so they 
work back and forth controlling us, and as long as the microscope 
continues to show us these great worlds within worlds, there will 
be adult education, as I say, whether you plan it or not, if the scien- 
tist lays his materials before you. 

My own particular field has lain rather in the region of time. 
I like to call it history. I found the other day I had written an 
article an editor decided wasn’t history but pre-history and that 
present history began at the end of Pleistocene and all the humans 
before that were pre-history people. It has been one of my in- 
terests in life to try to look back with what others have done through 
these vast ages to see what has occurred in the millions of years of 
history that we know fairly well, and there I have seen this picture 
of continuous change and continuous building. From my point of 
view, | am more concerned about what has happened in life on this 
earth and within living beings than I am with the distances to the 
farthest nebulae. At any rate, it is more important to me, because 
I have come out of this stream of things, and so have you, and I 
am interested in knowing my ancestry, partly in order to know 
about what I am and what I may expect of myself during the time 
that I am supposed to be in command. 

So through all these regions adult education over the years is 
going to have its important place so long as discoveries are made, 
first because of the stimulus to thought, and second because of the 
direct relation to the practical things of everyday life. If you ask 
what do I mean by the practical things of everyday life when I 
am talking about the temperature of remote stars and the way 
they expand and contract, and so forth, what I mean is this, that 
those men who have to do with power and with energy and with 
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some of the greatest of all of our industries, are the ones who are 
waiting for every scrap of information about the nature of matter 
that comes from the studies made with the telescope, the spectro- 
scope, and other instruments that have to do with what is going 
on in the stars. If these things happened to matter in the stars 
and to matter of the same nature that we have on this earth and our 
sun, then we may modify our path in accordance with what we 
know can happen under specific conditions. So it is all practical 
in that sense. : 

Now if I may turn back to culture, where again I walk with care- 
ful step because I know you are students of culture and I am only 
a paleontologist or student of science, there is one comment I wish 
to make. Culture from the very nature of the case must be ex- 
pected to be conservative. It is that view which shows us knowl- 
edge of various aspects, each phase in relation to the other. It is 
something that gives us a balanced view, in which we have a 
balanced judgment concerning the significance of the various as- 
pects of knowledge and their meaning to us; a view that may not 
easily be destroyed and should not be destroyed. Religion must 
of necessity be a conservative thing because it represents the foun- 
dations of belief, and while beliefs change they may not be de- 
stroyed overnight without endangering all that rests upon them, 
and there is much that stands upon the foundations of belief. 

There is a danger, however, in culture that it be too conserva- 
tive. There is no finished chapter or closed book. Knowledge 
always goes on and culture must be expected to receive from time 
to time new things to add to its general scheme, and after all, cul- 
ture must be constructive and not passive. It is the man with 
balanced judgment who sees the world as it is, human beings and 
our surroundings, with everything in its place. It is that man 
whose judgment is most important, but it must be constructive and 
not destructive or merely passive. 

Ideals which grow out of these situations and these visions are 
forward looking things and not just backward looking, so I see 
culture as a constructive thing that represents the wider range of 
interests involving perhaps science and all that it presents to us. 

I may stop for a moment to say that it is impossible to be a 
scientist and to see the reach and extent of knowledge as it is 
visualized from the position of the scientist without going over into 
the place in which the student of culture stands. It is my own 
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view that these two representatives must walk in step, if not hand 
in hand, if we are to have a balanced world in which the judgments 
are of the highest type. 

The point I wanted to make to you is that for the future of man, 
we must have more fact and we shall have continuing discovery and 
continuing increase of fact, and it must be properly organized and 
the scientist must see that his materials are placed where they 
will do the least damage. I have full sympathy with those who 
criticize scientists for bringing unbalance into the world, because 
I believe that unless the results of these discoveries are hand- 
led with care they may drop into places where without adjustment 
trouble will arise, and it is part of our task to discover and 
part of our task to see that the results of discovery are so used that 
they do a minimum of injury. 

It must also be true that, as time passes, that balance will bring 
us a better and clearer philosophy, which means a penetrating 
vision into all that science and culture represent. We must have 
more reverence and better and clearer and better founded religion, 
which will also go through a process of evolution as knowledge 
widens. And so culture and science side by side, science perhaps 
the stimulating influence and culture the balancing influence, must 
work through adult education and more may be done in the adult 
stages than is accomplished for the youth. As a student in the 
university, I was impressed by the fact that science leads to 
truth and that culture leads to art and to beauty, and that truth 
and beauty are two of the things which are the most fundamental 
influences in life. There are many who are not able to see that 
truth and beauty have relation. However, the philosophers here 
will tell you that this began with the Greeks or earlier, and has 
been covered by song and discussion down through the ages. 

Only a few months ago I picked up an old copy of a University 
of California magazine, edited by a mathematician, a magazine 
that up to its death quite recently was devoted largely to poetry, 
and I was interested to find that a student concerned with research 
was willing to take the time to write these lines regarding beauty 
and truth. 


‘Beauty and truth share one abode, I know— 
It is fallacy that truth is plain. 
As beautiful as mountains tipped with snow, 
So loveliness adorns the truth’s domain.” 
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It was not new—the Greeks said it, and many others all the way 
through—but it is exceedingly important for us today to realize that 
there may exist and should exist this relation between these two 
commonly quite sharply separated aspects of our intellectual or 
may I say spiritual activity. 

I look, then, for the future to bring us a situation in which these 
two great guiding and controlling forces shall have a larger influence 
upon life, and especially a great influence in the continuing develop- 
ment of the adult. I assume that in the last analysis the most 
important. thing that science and that culture and that adult 
education will do will be to tell us more about ourselves. Because, 
after all, whatever the world be and whatever our surroundings, if 
the individual is not properly geared, perhaps you would say first 
to his surroundings, but I would say first to the understanding of 
himself, then the world may go to wreck when anyone is desirous 
of setting a match at any one of many places. So the fundamen- 
tal consideration in all of this is, what science and what culture can 
do combined to teach the adult to know himself and to control 
himself and to keep in mind the fact that he has a responsibility on 
two sides; one to see that he is fit and that he does his own work, 
and the other a responsibility to realize that he lives in a world of 
people to which he must be adjusted, and every individual must be 
adjusted to all the other individuals if we are to make the most of 
the world in which we have been placed. 


THE INQUIRING MIND IN A CHANGING WORLD 


N THE immediately practical sense, the idea of a changing world 

is carried unavoidably in the term “the new deal,” which means 

re-shuflling the cards and beginning again. I happen to live in 
Washington, where one sees the dealing intimately every day. And 
yet rather than attempt to discuss any special phase of this great 
problem, in economics, science, or government, in the so-called 
practical sense, | am choosing to speak in terms that are practical 
in the more fundamental view, regarding what may concern certain 
underlying principles which must be recognized where true progress 
is made. 

I have been impressed by the tendency of education to stress 
knowing all about many things, whereas it is also necessary to know 
in many cases rather “what these things are all about.” It is this 
aspect of knowledge that we find expressed in basic human concep- 
tions stated in philosophy and religion. Some pride themselves on 
having no religion and no philosophy—which is commonly tanta- 
mount to saying that they have both, but they may be too weak to 
stand the test of exposure to discussion, and of little value for 
purposes of life. 

So, in spite of the fact that I know how difficult it is to express 
the values of human experience to those who are just about to enter 
upon such experience, I am venturing to discuss a topic which we 
confess to be almost infinitely dificult—and yet we know that it is 
unavoidable in considering the greater world questions of this and 
other ages. 

There is no problem so old, and yet so strikingly representative 
of our situation in this particular time, as that concerning extent to 
which the peculiar qualities of the human mind may be used to 
control the world in which we live. The idea expresses itself through 
literature from the story of creation to headlines of the morning 
papers. It involves questions touching philosophies and religions, 
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and relates to urgent problems of economic and political organiza- 
tion. In the sense of immediate, personal significance this matter 
concerns some of the major opportunities for constructive thought 
and action open to graduates prepared for service such as the world 
now offers. 

In spite of what some may assume to be its unpractical or purely 
philosophical implications, there is no problem that has attracted 
interest over the ages more strongly than this influence of human 
intelligence upon the world, and its ultimate effect on welfare of the 
human race itself. Whatever other significance attaches to accounts 
of the Garden of Eden and the happenings there, it 1s interesting to 
find the suggestion that man attained knowledge making him 
dangerous. Lest with newly acquired abilities he might eat also of 
the tree of life and live forever, man was banished from the Garden 
and told to earn his living by the sweat of his brow. 

In a manner reminding us of ancient ideas, the press of today 
carries vigorous arguments regarding dangers of newly acquired 
knowledge derived through research, or the inquiry of science. One 
suggested remedy involves closing the doors of that recently dis- 
covered Eden, the laboratory, where the tree of knowledge bears 
many kinds of fruit useful for sustaining and healing of the nations. 

In its earlier interpretation this exceptional ability, or knowledge, 
possessed by human kind may have been looked upon as intuitive. 
At the present stage of history it is the influence of inquiring, investi- 
gating minds, with their capacity for accumulation and organiza- 
tion of information, that causes us to consider carefully the results 
of human activity upon world processes. 

According as conditions vary, we view this difficult subject with 
reference to influence of man’s activities upon the world around 
him, or upon structure and function of society, or in a practical 
sense upon opportunity of the individual. Always we recognize the 
fact that there reside in human kind peculiar qualities and powers, 
the use of which represents both responsibility and opportunity. 

Seen in still another light, we note the possibility of important 
difference in the influence of man’s special qualities as between 
what might happen in a static world compared with one undergoing 
change. In early references to this question it can be assumed that 
the world was seen as in effect a completed work. But in the vision 
of modern knowledge our universe appears as a rapidly changing 
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panorama. Viewed with respect to these conditions, it is natural to 
inquire whether possibly man himself changes or is modified by 
influences about him, or arising indirectly through his own activities. 

Both scholars and the intelligent public can be considered as 
accepting today the idea of a world that varies markedly from age 
to age in the sense of historical stages. Just as the telescope has 
penetrated unimagined realms of space, so intensive study in piecing 
together fragments of history has shown us far regions of past time, 
with the story of great changes experienced by the earth and its 
inhabitants. 

To learn in early childhood that the coral-bearing limestone rocks 
beneath my father’s house in eastern Iowa were formed on the 
bottom of an ancient sea, and that deposits of alien rock strewn over 
the limestone plains had been carried there through influence of huge 
flows of ice, meant for me, personally, early acceptance of the idea 
that this has been a world of tremendous changes. 

Today no one stops to question the story of life leading back 
through the period of the sabre-tooth tiger and the dinosaur to still 
earlier ages when the aristocracy of living creatures attained no 
higher level than that of slimy things crawling on the shore. Also 
there are few who find difficulty in accepting as our ancestors those 
men who struggled through the Stone Age and were contemporaries 
of the mammoth in a past geological period. 

And yet it is interesting to note that with all we know of history 
and its continuous movement, there are few questions more vigor- 
ously contested today than that concerning the effect upon human 
kind of this uninterrupted surge of change or movement in the world. 
Some would see man as undisturbed by it; others look upon human 
life as: moving and changing. Stated in another way, those tre- 
mendously significant problems concerning the meaning of the great 
stretch of human experience called history, constitute today one of 
the greatest fields for critical discussion. The question has shifted 
from inquiry regarding evolution of nature to that concerning 
possibilities for advance of man. 

Should we look upon the world as unchangeable, one might con- 
ceive of the influence of man’s intelligence upon it as large, and the 
effect of his relation could conceivably have importance in deter- 
mining the length of time he will maintain his existence. But witha 
rapidly changing world, the importance of this contact might be 


THE INQUIRING MIND IN A CHANGING WORLD 2097 


increased greatly, and the period of survival of mankind shortened. 
Or perhaps we may think of adaptation to changes as they take 
place bringing advantages tending to extend life of the race, and 
at the same time giving new possibilities for evolution. 

The dinosaur, with a brain of relatively small size, did not take 
thought for the morrow and became extinct. Will the human race 
follow the same course, or will intelligence find a way for adaptation 
and maintenance of its place, or will new types of evils we devise 
bring relatively early extinction? 

So far as we are aware, no other group of organisms has found so 
many ways in which to widen invitation to deterioration. We 
have only to note that, with all of our scientific study of diet, over- 
eating is an unquestioned abundant cause of death among valued 
members of society. Also with vast development of human works 
in physical construction and in social organization, we extend the 
complication of human relations in such manner as to open the way 
for disasters like the World War. 

It will be the task of future historians to decide whether in this 
age man has already reached the highest possible stage of evolution 
in the sense of physical, intellectual, and spiritual characters. A 
lifetime of study devoted to subjects in this field gives me, per- 
sonally, a perfectly clear picture of mankind slowly building itself 
upward in physical and cultural qualities through vast periods of the 
earlier and later stone ages. [hat we should accept present intellec- 
tual capacity and comprehension of man as at the highest possible 
level would seem to leave only the pleasures of accumulation and 
organization for the future. I would hope that there will not be 
absent from the future world that opportunity for advance that has 
characterized nature through all time as we know it. 

Physical changes which might better our situation are largely 
matters of biology. Butina great number of relations this biology 
connects itself closely with nervous and mental activities. Whether 
these factors concern our intellectual opportunity, and even our 
dispositions directly or indirectly, it may not be necessary to assert. 
But we know that in practical, everyday life these relations are 
given large value. 

I should hope that with the tremendous advance of science, 
physical, biological, and psychological, the future may make pos- 
sible such physical advance as will give a better life and wider 
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opportunity for its effective use and enjoyment. What actually 
happens will depend upon our interest in looking still more deeply 
into the plan of nature; also it will depend upon the degree of wisdom 
in our use of knowledge secured. 

What the future has in store for us in the region of social, eco- 
nomic, governmental, and spiritual values is again dependent largely 
upon our honesty of purpose, ability to concentrate attention of 
many workers in many countries, and perhaps through many ages, 
upon selection of what best meets human needs. The long struggle 
to find methods for organization of society which can give order and 
freedom, and yet secure power of the group for achievement not 
possible for the individual, has brought forth great principles upon 
which to build. The adjustments have been difficult. Swift 
changes in generations bring the almost infinitely difficult problem 
of passing on through education the results secured. Selfishness 
and lack of vision destroy again, and again, and again the new 
structures. And yet the world as a whole has probably today a 
better idea of how men can live effectively and with satisfaction, as 
groups and as individuals, than in any earlier age. 

If mankind is to adapt itself to a changing world, and perhaps 
continue its evolution, it is necessary that we recognize the critical 
necessity of giving to study on organization and evolution of society 
an amount or a value of thought at least comparable to what has 
been devoted to other great works carried forward in the interest of 
society. But, knowing the dangers of world conflict, we spend 
billions on armament as compared with what might be called thou- 
sands on learning to know the means of understanding and of 
maintaining mutually constructive human relations. Again, if we 
can learn to place around great business enterprises safeguards 
against so-called bonanza financing comparable to those which we 
set up for protection of the right to hold property once acquired, 
there could be wider peace and larger freedom. 

To make such advance as has been suggested means recognition 
of these facts by society and by the individual. Whatever it be 
called, vision or planning is essential. It is also to be remembered 
that according to the view expressed by those who see the world 
and society as in a process of evolution, the world scheme, including 
society and man, is itself constantly changing, and no program can 
be adequate which fails to take this factor into account. 
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Just as the critical position of this country and others at this time 
seems the outcome of inadequately guided or controlled construc- 
tive action, so one may look upon the present situation as presenting 
almost infinitely multiplied opportunity for activity designed to 
give the best means for adjustment and for further progress. It will 
be a rare field of business or government or science in which you do 
not find widely voiced the cry for men with creative ability, vision, 
and balanced judgment. There are millions without employment, 
and yet the need for those able to do the most critical work is not 
met. 

So at this particular moment in the experience of mankind there 
is unexampled call both from the nation and from the world for 
those who have minds that insistently inquire as to the values in 
situations as they really are, and show ability to find further reme- 
dies. This means that opportunity is not just knocking at the door 
—it is calling loudly. 

It has become the fashion to say that no other period of history 
has presented so many human problems demanding attention. In 
part this is because we have come to feel the effect of these situa- 
tions through unpleasant personal experience. But these great 
questions were with us in the last decade, and the need for their 
solution was just as marked as at this moment. When disaster 
impends it is easy to obtain a hearing on the factors involved. 
When there is seeming prosperity we listen less readily to discussion 
of what we do not desire to see. 

The basic principles of economics and government that determine 
action and direction of movement are the same in periods of pros- 
perity and of depression. The mind that carries its inquiry below 
the superficial features has the only real picture of what is taking 
place. Itissuch a type of inquiry or vision that is needed. It does 
not matter whether its work is done under the stress of emergency 
or in periods of apparent tranquillity but of actual danger. 

No one who faces the major problems of agriculture, mechanical or 
power industries, finance, general economic trends, international 
relations, or even of so-called exact science, deceives himself into 
thinking that all the questions have been solved. In every science, 
profession, or trade, the number of critical problems for which 
answers are urgently needed is very great. It is not possible to 
conduct any kind of business or professional activity without 
meeting them at almost every step. 
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I have referred to these questions in terms of inquiry rather than 
as research, though the attitude of mind in the two is the same. It 
is within the reach of every intelligent worker to make inquiry as 
to what things need answer, and at least to look down the path which 
one must follow if solution is to be found. The contribution by 
honest inquiry touching every aspect of these activities through 
practical and theoretical examination may be very large. The 
possibility that such collective knowledge may determine govern- 
mental policy is also important. 

In this connection it is desirable for us to keep in mind that unless 
government over the world is to pass into the hands of the few, its 
success will depend upon ability to develop widely among men this 
habit of inquiry and honest, independent thinking at a level higher 
than that thus far attained. 

If the world were unchanging in its physical and life conditions, 
and man were not driven forward by the urge of his inquisitive, 
constructive faculties to new levels of social, economic, and govern- 
mental organization, it might be possible to set up a program which 
would place less responsibility on the individual. In the changing 
world as it exists, our hope lies in continuous alertness, and in exer- 
cise on the part of all groups and individuals of powers deriving nor- 
mally from the peculiar qualities with which mankind has been 
endowed. To avoid such responsibility is to invite that type of 
evolution advanced by the brutal laws of survival of the fittest, 
rather than by principles resting upon intelligent, constructive 
cooperation and brotherly love. 

What has been said regarding society as a whole concerns also the 
individual, including each of us present here today. If the world 
program is as it has been pictured, its advance 1s ultimately depend- 
ent upon the thinking and action of individuals singly as well as 
collectively. The tendency to shift responsibility for initiative is 
large. In reality the value of initiative is one of the most im- 
portant factors involved in the foundations of government. In this 
struggle for the highest type of individual liberty there are no 
exemptions or exceptions. The penalty for failure is not punish- 
ment as ordinarily understood, but in simple terms it involves 
immersion in the sea of oblivion. 

The advantages derived by the individual from exercise of honest 
and effective inquiry as a habit of life are greater than is commonly 
assumed. They comprise on one hand the fundamental values 
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that concern the scientific or philosophic or religious conception of 
our relations to the great movement of evolution or creation with 
which each individual may be connected. In another direction 
they have relation to effectiveness and enjoyment of life that can be 
secured only in part by other kinds of approach. 

I do not believe that evils arising through man’s god-like qualities 
will, as a poet has suggested, “drive him on,” to be the “wreck of his 
own will, the scorn of earth, the outcast, the abandoned, the alone.”’ 
But I am of the opinion that if our possessions of ability and creative 
power are not guarded carefully we may meet disaster. Nothing 
less than embedding the idea of responsibility for these qualities in 
the mind of every individual will suffice.—This means of course you 
and me.—With this accomplished the world may go forward on a 
career of creative activity without fear. 

To have even an infinitesimal part in a great movement such as 
the longer history of the world shows us, and to keep the touch with 
this advance which each individual should have, gives a dignity to 
life scarcely possible by any other means. Without knowledge of 
the past and belief in the future, life would indeed represent a hope- 
less existence. To eat, drink and enjoy the pleasures of the moment 
might under such circumstances well take a place of high importance. 
But, today we no longer live isolated from the past out of which 
man has been created, and to which we owe our existence, and in 
large measure our possibilities for the future. Each individual has, 
or may have, a part in this scheme of things that arises from a remote 
past, and reaches into a future that we see but dimly. 

Though we are by nature endowed with qualities that lead us to 
inquire, investigate, and build upon new knowledge, our educational 
program unfortunately tends only too often to develop discipline 
at the expense of initiative, and imitation may overshadow inquiry 
and constructive ability. Psychologists speak frankly regarding 
the small percentage of use for aspects of the mind that should lead 
toward the building or creative type of effort. 

But, more and more, education comes to recognize the need for 
development of those powers that help us to see, to find, to organize, 
or to create where no material of the type we need seems available. 
Out of these activities arises much, even in the smaller things of 
life, that leads to individual accomplishment, and to that attainment 
which is in considerable measure the wine or stimulus of life. As the 
world panorama changes and old things give way to new, the lure 
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of opportunity leads the inquirer on to further achievements and to 
larger interests. 

Relation of the habit of inquiry to enjoyment of life is a factor of 
high importance. Today we look upon a degree of appreciation and 
enjoyment as not only permissible, but as constituting a necessity 
in living. Many basic pleasures of the senses begin to pall early in 
the span of years. Those forms of appreciation linked with im- 
aginative conceptions linger, or show increased development with 
later life. Music, color, artistic combinations, with the higher 
values of truth, remain. The significance of money, control of 
organization and even of power, may fade in middle life. The joys 
of an inquiring mind that reaches out into the endless vistas of 
space, time, beauty, and reverence, continue to increase. Alike 
for poor and rich, for great and those of modest rank, they give that 
which time does not strike down, and which change only intensifies. 

Out of the developing individual experience there tends to grow 
an attitude toward life which gives perspective instead of formless 
space and order in the place of aimless movement. 

Some years ago, one whose name I do not know published a series 
of stanzas of which one voiced confidence in the ultimate values and 
outlook of the universe. It was presented in terms of our attitude 
toward fading splendor of the autumn woods. In a manner it 
expressed the longer vision of those penetrating minds that see in 
what might appear to be waning glories of humanity only a stimulus 
to further effort—an effort in which the elements looked upon as 
destructive may become a saving power. 

The theme of these verses concerned destiny; with spring, summer 
and autumn contrasted. The first touched the influence upon us of 
that miracle of miracles, the opening of spring. As paraphrased it 
reads: 


Who walking in the spring may see 
Fresh green upon the poplar tree, 
And smiles with hope as he goes by, 
Begins to see his destiny. 


The last lines, relating to autumn read: 


He who can see the glory fade 

From noble works that God has made 
And keep faith fresh in his soul’s eye 
Is master of his destiny. 
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Those who see most clearly the greater story of mankind, with its 
record of progress from age to age, and know also the inherent power 
of inquiring, constructive minds to build out of and upon the past, 
can best appreciate the significance of this statement.—An educa- 
tional experience has given knowledge of your abilities, and has 
tested your power in their use. You know also the story of that 
struggle for truth and spiritual liberty carried through millenniums 
up to this day of June in 1934, and—to each of you may I say—I am 
sure that with this vision of life, faith will be kept fresh in your 
soul’s eye, and that you will be master of your destiny. 


ULTIMATE VALUES OF SCIENCE 


In the course of preparation of the President’s Report for 1934, Dr. Merriam 
devoted some time to study of a section in the report concerning “Ultimate Values 
of Research.”’ While considering use of this material, the idea was elaborated for 
an address under the title “Does Science make the World Better, or Only Richer?” 
delivered before the Commonwealth Club of San Francisco, a great group of con- 
structive students of human problems. Although the material is to be used later 
in another way, it has seemed desirable to make record of this address in the form 
in which it was given, and this is done to advantage through the Supplementary 
Series of the Carnegie Institution of Washington.—EpirTor. 


@T THIS time of searching for ways in which our social and 
"economic structure can be strengthened, it is necessary that 
A A careful examination be made of every activity and interest 

in life. Scrutiny may not be limited to economics and government. 

It should cover all types of human values. As an administrator 

concerned with research, it has been a part of my responsibility to 
accept this challenge, and to study the influence of science, as it 

concerns both technical advance and effect upon thought. 

There has been much defense of science and some attack upon it. 
Mostly this has concerned material aspects of the problem and 
questions relating to employment. I am neither attacking nor 
defending, only searching for light. To one who believes that man 
does not live by bread alone the subject must be considered partly 
from such a point of view. 

By reason of the fact that causes of unemployment are under 
vigorous discussion, the relations of science to engineering and 
employment have become a subject of controversy. Question 1s 
raised whether research increases importance of the machine to 
such extent as to reduce opportunity for the individual. Although 
not avoiding this particular subject, I realize that even if unem- 
ployment were not known a very critical group of problems relating 
to science would exist. I am concerned mainly with a broader 
question involving inquiry whether, by reason of science or research, 
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the world has been made a better place in which to live, or life has 
become more worth while. 

Examination of present-day appraised values of property would, 
I assume, bring the universal answer that contributions of science 
have made us richer. Even in the matter of employment, research 
may be given partial credit for such advance as is due to develop- 
ment of electric energy, telephone and telegraph communication, 
and a vast number of other things now accepted as practical, which 
have notably increased the total value of payrolls. It is true that 
there are critical stages in which some individuals may come into 
new and better types of employment, while others, with less desire 
for advancement, remain idle. But, on the whole, these new activi- 
ties have absorbed the efforts of a large percentage of the population. 

The influence of science upon possibilities for betterment of 
conditions in the world may be considered as affecting; first, our 
use of resources in nature; second, the range and value of materials 
and knowledge resulting from human effort; third, the extent to 
which our capacity to understand and to accomplish has been 
bettered; and fourth, the possibilities of influence upon our desires 
or interests or attitudes of mind. 


BETTER Use or NaTrurAL RESOURCES 


There can be no doubt that science has increased greatly the 
number of natural elements or resources for which we find important 
use. The streets of our cities, where formerly there sparkled only a 
few lights without the strongly-marked modern element of color, 
are brilliant ways lighted by neon. This is a new contribution 
serving a commercial purpose. We are not discussing the ultimate 
value, merely the fact that it is used. 

Chemistry and physics have given us an almost infinite number 
of products coming out of resources heretofore neglected. Such 
would be the dyes and medical products derived from petroleum. 
We have also those developments of science which make possible 
the discovery of enormous quantities of oil by so-called geophysical 
methods. Again we have new means for refinement of ores, and 
other products, previously not considered valuable. 

In the inorganic or non-living resources, science has increased the 
drafts upon nature, but it has also given us better use of products. 
Science has yet before it the task of manufacture or synthesis of 
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mineral products. This may be necessary to replace dwindling 
natural stocks. In such activities physics and chemistry of the 
future will be involved. 

In natural resources of the living type, upon which we depend for 
food and clothing, science has developed to very great extent 
available materials derived from plants and from animals. We now 
make many plants grow where one grew before. We develop from 
original wild plants new types with new qualities, as was done long 
ago by early man in the case of grains and fruits. One is justified 
in stating that science has made these living natural resources more 
useful and more abundant, and through the advance has contributed 
greatly toward making the world a better place in which to live. 
We have still a vast distance to go in learning to control the living 
world, but the way has been marked out, and mankind may be 
expected to follow it. 


ACCUMULATED Propucts oF CoNsTRUCTIVE ACTIVITY 


Organization of society has made it possible to hand down, from 
generation to generation, knowledge regarding location of natural 
materials, and to protect structures or organizations, such as great 
cathedrals or great cities, which require generations for their devel- 
opment. Most of all, science has made possible the recording and 
continuing development of a vast body of knowledge which no 
individual and no one generation could produce alone. Present- 
day science represents the irregularly stimulated, but practically 
continuous, effort of mankind from the stone age to the present, 
giving us organized knowledge covering past experience. 

In these advances science has contributed through rapidly in- 
creasing additions to those fields which represent the physical and 
chemical basis of engineering in all its forms, through modern 
development of biological science as represented in agriculture, 
through better understanding of the soil and the weather. In the 
study of man, we have come to know something of our structure 
and functioning, and research has contributed the largest part of 
medicine. 

Science has given us also an almost unbelievable view into the 
world around us, as seen by use of microscope, telescope, spectro- 
scope, and the penetration of past time through vision of the geol- 
ogist. The newly recognized subject known as the history of science 
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is one of the most illuminating types of effort, showing how civiliza- 
tion has developed on the basis of science, and how science has been 
made possible by organized society. 

We have only to think what would happen to the world if all 
available knowledge were suspended for a generation, to realize 
what it would mean to begin over again with development of an 
alphabet, a numerical system, mathematics, physics, chemistry, and 
all the infinite applications of these subjects. 


INCREASE OF CAPACITY FOR CONSTRUCTIVE WorK 


We find few subjects upon which there is more vigorous scientific 
discussion than that concerning evolution of the human type with 
reference to physical and intellectual capacity. Those of us con- 
cerned with the history of man in the geological sense view with 
interest the many stages of advance represented in a time dating 
back some hundreds of thousands of years. Through the ages, 
types of human beings have changed, and the brain seems to have 
varied also. At a rate comparable with these modifications we see 
evidence of man’s gradually developing intellectual activity. 

Organization of human society to such a degree as to guarantee 
uninterrupted protection of knowledge and its records opened the 
way for a more rapid advance of activity in the sense of art and 
science. The results subsequent to that stage do not represent 
wholly the capacity of individuals. They reflect in large part the 
capacity of the race. We are now at a stage in which society 
shows marvelous organization, involving widely separated groups of 
specialists working together, whether consciously or without know- 
ing it. 

We know that the capacity for accomplishment of society has 
increased. Whether the abilities of individual men will change in 
the future at a rate corresponding to that of past geological ages 
depends perhaps upon the development of what is described in these 
days as the science of eugenics, concerning better living and being 
better born. There are some who believe that the selection of 
physical human stocks may increase greatly the intellectual capac- 
ity of the race. There are others who hold that the influence of 
better environment, as affecting health, physical and mental, may 
itself be a factor of great importance. 

The contribution of science toward influencing human capacity, 
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physical and intellectual, is not easy to define. There is no doubt 
regarding increase in length of life, and of added values in experi- 
ence, made possible under controlled conditions due in large part to 
modern preventive medicine. That science through knowledge of 
heredity and influence of environment can better the situation of 
mankind in the future seems clear. What is accomplished will 
depend upon increase of knowledge, and on unselfish wisdom in its 
application. It 1s unbelievable that man should fail to apply for 
himself the principles used so fully for all else in the world. The 
study of mental condition and mental health will be one of the most 
important fields for research of the future. 


CHANGE IN ATTITUDE oF MIND 


The effect which increased knowledge, or new conditions pro- 
duced, can exert upon our attitude of mind or point of view may 
conceivably be more important than any other influence arising 
from advance of science. We might be rich in natural materials 
and in the accumulated results of human toil, or even increase our 
capacity for intellectual activity, and yet the utilization of it all 
could lead to degradation or even to self-destruction. In last 
analysis, whether the world is better or merely richer depends 
largely upon the manner of use of what we have, and upon our 
desires, which tend to control our ideals. 

The influence of science upon our use of natural resources, upon 
development of accumulated values in civilization, and upon the 
bettering of our capacity for activity will always be of great sig- 
nificance. But the ultimate value of these factors depends largely 
upon the effect which they may have on our attitude both toward 
the world in which we live and toward ourselves. There may be 
enjoyment and contentment and progress with small resources. 
There may be wickedness, and bitterness, and infinite discontent 
with riches and great capacity. We may abolish poverty in the 
material sense, and yet have poverty of mind and soul. We may 
free man in some measure from the drudgery of manual work, and 
yet leave him enchained as to spirit. 

There is reason to believe that science may picture or define better 
attitudes of mind by teaching us to face realities and facts,—which 
represents the only means by which science can act,—or by teaching 
us to use truth, and to avoid deception of others and of ourselves. 
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Science has reason for concerning itself with that vision of things 
which may influence life by giving at the same time confidence in 
realities and in the significance of far-reaching conditions or laws, 
whether in nature or in human conduct and belief. 

The influence of science upon our point of view and ideals may, 
by some, be thought negligible, since the attitude involved will be 
assumed to depend upon spiritual values, while science is looked 
upon as concerned only with cold facts and logic. It is, however, 
important to realize that by definition science represents the search 
for truth, whether it relate to the elements of physics, chemistry, 
history, or human conduct. The use of reason is only a logical 
extension of truth. Facing the facts by the method of science is to 
strip away untruth, dishonesty, self-deception. This may be by 
changing alchemy to chemistry, astrology to astronomy, the rabbit’s 
foot type of healing to scientific medicine, wishful thinking to factual 
economics, or self-centered beliefs to honest, constructive religion. 

It is also true that a broadening view of the world of things and 
of people expressed through science, as in astronomy, earth history, 
biology, or the story of life through the ages, gives a vastly increased 
appreciation of law, or unity, and of the interrelation of elements in 
the world. Such a view includes all history and our relation to it. 
It gives a new vision of man’s place in the world and in life. It 
presents a new outlook over the universe, with a better opportunity 
for appreciation of life and a new attitude toward its problems. 

Seen in this light science should aid in the forming of basic beliefs 
and philosophy, and even religion may use it as material with which 
to build. Science may be looked upon as giving reasons why every 
man should have a philosophy and admit it, and at least an appreci- 
ation of what religion may signify. 


ScIENTIFIC Point oF VIEW IN RELATION TO THE 
So-CALLED Human VIEW 


In considering the relation of science to those fields of thought 
which are generally deemed most clearly to express human interests, 
it is desirable to suggest that the difference between these points 
of view or attitudes of mind is not necessarily as great as is some- 
times believed. Science finds need for common ground with 
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philosophy, art, and religion in development of a clearer, broader, 
and deeper view of the world of things and of people about us. 

As seen by science the universe is a vaster and more orderly place 
in which to live than was recognized in earlier interpretation of 
scientific vision. But in the most fundamental aspects of his in- 
vestigations the scientist sees more fully than at any previous stage 
that he does not really fathom nature in essence, or power, or ulti- 
mate meaning. With the advances made by modern science the 
so-called material universe may appear less clearly material, or at 
least one should say that it 1s still beyond our full understanding. 
And for the reason that science alone is not finality we need a better 
relation to other points of view. The interests of science, art, 
philosophy, and religion must be joined if their human value is to be 
most fully attained. Each may stand alone as an abstract or non- 
human value, but when human interests are touched they must come 
into intimate, mutually supporting relation. 

In the kind of touch with life here considered science makes 
philosophy, art, and religion appear more evidently desirable. It 
aids in making clear that they represent essential phases of human 
thought. 

Looking in the direction of human values, science finds something 
approaching common ground for discussion with morals in that 
strange mixture discovered in the physical and psychological fea- 
tures at the foundation of criminal tendencies and crime. Such are 
conditions of brain and of pathological states that lead to abnormal 
living. On the other hand, science comes to recognize as that which 
it may not yet weigh or measure much in human life commonly 
accepted for what it has been assumed to be. 

In still another direction science may find such doctrines as those 
in the Sermon on the Mount, or the principle of brotherly love, 
sound according to ideas which govern in scientific reasoning. 

So we may come to expression of belief that even more important 
than those values which aid to bring riches and abolish poverty 1s 
the fact that science contributes toward betterment of life by 
placing before us the desirability of facing the realities, or the facts, 
and of taking the broader and longer view with reference to every- 
thing in life. Giving increased significance to truth, and depending 
more fully upon it, means not only a bettered and more nearly 
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stable and safer world, but one in which the possibility of forward 
building or of accomplishment is enormously enhanced. 


SCIENCE AND OPPORTUNITY OF THE INDIVIDUAL 


Considered for a moment from the point of view of the individual 
instead of the race, bettered conditions of living are defined by the 
degree of enjoyment or appreciation of life as it is lived, and ques- 
tion may be raised whether directly or indirectly science enhances 
values in this sense. What is comprised in joy of living should 
represent a considerable part of our experience. 

One may look upon the elements of an individual life as made up; 
first, of maintenance, involving food, clothing, and shelter; second, 
of opportunity and materials for work and personal achievement; 
and, third, of the possibilities for appreciation in the intellectual, the 
emotional, and the spiritual sense. There can be no doubt that the 
contribution of science increases the opportunity and the materials 
for progress, or for achievement, by those who wish to achieve. 
For those who desire to see a static or unchanging world, science 
might be accused of representing an influence making for change, 
and of being for that reason a source or a cause of unemployment 
and therefore of unhappiness. 

Whether science, or any other influence, can accent or increase 
the appreciation of what enters into life would be considered by 
some a question for discussion. And yet the view may be taken 
that through science the uncertainties are reduced, the assurance of 
progress increased, and the possibilities of achievement broadened 
in the kind of a world which science favors; a world more clearly 
dominated by truth and honesty; a world with a wider view indicat- 
ing its magnitude, scope, opportunity, and dependability. To the 
extent that these conditions prevail, and that they may influence the 
life of each person, one might assume that science increases oppor- 
tunity for constructive living as also the possibilities for apprecia- 
tion and enjoyment. 

The widely discussed problem of so-called “‘leisure time’’ will be 
seen to have its bearing upon many of the questions examined. 
Shortened hours of labor, made possible by modern developments, 
in which science has a part, mean freeing of energy and interest for 
new accomplishment. They give opportunity for clearer under- 
standing, broader vision, and fuller appreciation of the elements 
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in life. But it might happen that hours freed from work by abolish- 
ing poverty would mean a loss rather than a gain. Also remember 
that this is not the only situation in the history of the world carrying 
promise of leisure time. Such a condition is to be found in the hut 
of the Eskimo today, and doubtless there were periods of abundant 
leisure in the Stone Age.—Preferably, I refer to this situation as 
presenting opportunity rather than leisure. Mere leisure may 
involve danger; widened opportunity should mean betterment. 
What is needed is improved vision and the higher ideals contributing 
toward better use of the time set free. 


EpuCATION TRANSMITS THE INFLUENCE OF SCIENCE 


In the practical sense, the influence of science upon thought is 
exerted in many ways, but largely it comes through imprint of what 
would be called education. It may seem difficult to develop condi- 
tions under which the values of science can have real effect upon the 
point of view or the degree of enjoyment of life by the average 
person. To what extent may we expect scientific knowledge to 
bring about the conditions which have been discussed? In how far 
may we think of the interests of practical people in problems of 
citizenship as influenced by scientific knowledge? 

Since the average person is not considered a philosopher, many 
will think of the view here expressed as impractical, and it may be 
looked upon as concerning only a small part of the population. 
But I am inclined to believe that the contributions of scientific 
thought have actually at this moment a very significant influence 
in everyday life. We see this in the unquestioned effect of scientific 
advance in the laboratories of great industries, as known to every 
one. Such is the influence of telephone, telegraph, and radio; also 
the clear gift of physics and chemistry in modern engineering. In 
another direction the practical relations between medicine and the 
underlying biology, chemistry, and physics are things known to 
every intelligent person. 

In other ways, widely distributed and frequently stated facts 
noted in daily papers, magazines, movies, and books, bring to the 
average person an inescapable and ineradicable impression con- 
cerning the nature of scientific truth. Such are the discussions 
regarding experiments on the atom, the character of radio waves, 
the nature of the stars in terms of elements well known on our own 
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earth, the dimensions of the universe, the evidence of geology re- 
lating to vast periods of time, and concerning the strange primitive 
characters of early man as he is found associated with the extinct 
life of other ages. Science is itself a powerful educator just because 
it turns attention to real things, and away from substitutes. Nor 
can we dismiss the idea that the expressions of reality and law 
observed do not concern solely food and maintenance of life. They 
relate also to other values, which make evident to us from day to 
day the possibilities in a larger and more clearly law-controlled 
type of world, as contrasted with that smaller universe constructed 
by imagination on the basis of less extensive and less accurate 
information. 

Only too often false sciences, arts, and religions have tended to 
make formal images out of thought and belief that once lived, so 
that the truth has been almost hopelessly obscured. Science should 
not only make us free from the bondage of superstition and mere 
fashions of thought, but it should help also to give us humility and 
reverence without the slavery incident to idolatry. 

The philosopher and the poet have not infrequently given the 
clearest and the most accurate statement of problems pertaining 
to science. So, Tennyson, in lines well known to all, expressed one 
aspect of this problem when he wrote: 


“Let knowledge grow from more to more, 
But more of reverence in us dwell; 
That mind and soul, according well, 

May make one music as before, 
But vaster.” 


CoNCLUSION 


Perhaps these philosophic, scientific statements should be applied 
to problems of today. But I am not an expert in economics, 
politics, or government. However, no one should doubt that this 
outline was written for the purpose of stimulating thought on major 
questions of this age. 

At no time in history has it been more important to face the 
realities on a factual, scientific basis, without illusions or predisposi- 
tions, and without permitting selfishness or any other untoward 
human attitude to influence the decisions. In no period has there 
been greater need for judgment based upon a broad view of real 
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things as seen by science in the more general sense in which it is here 
discussed, and for interpretation of the place of the individual or 
that of the nation in a natural scheme of development. 

This is a time to guard against narrowness of vision that may tend 
to eliminate history as a critical element in discussion of our national 
problems, or to obscure conditions existing over other regions of the 
earth. With a world drawn together by bonds that touch every 
aspect of life, from exchange of fundamental commodities to inter- 
action of philosophical and religious beliefs, it is essential that 
situations be faced for what they actually are. This may concern 
policies governing exchange of food-stuffs, or questions relating to 
world codperation in needed research on weather or health, or 
responsibility for government of weak nations. Definition of 
policies on a basis in which science and history fit themselves to 
economics and government is essential. The more directly we 
face the issues, with honest use of all knowledge to be obtained, the 
earlier may we expect the shadows of deep clouds to pass. 

In the broad study of our country now under way, we have 
centered largely upon materials and modes of operation, including 
natural resources, the foundations of economics and finance, busi- 
ness activities, and governmental questions. All of these are 
important. Their ultimate significance will depend upon the care 
with which the facts are gathered, and how they are related to each 
other in organized and interpreted form. It will depend also upon 
the quality of intelligence used and on the ability to see clearly. 

But the present situation is not due wholly to lack of data re- 
garding these matters. Nor is it to be explained fully by influence 
of greed or bad judgment in any small group of people. In no small 
part it may be ascribed to our failure to be guided by that basic 
thinking, and those fundamental conceptions, which should control 
the thought of the world. 

We should have new information with which to meet new situa- 
tions, but present conditions are not so radically different from those 
of years just behind us. We need greatly the wide acceptance of an 
attitude of mind illustrated by the pattern of scientific thinking, 
with its persistent search for facts upon which to base judgment, 
and its broad vision over the world of things and of events. It 1s 
believed that such a point of view would help us to attain a higher 
level of ideals and aspirations. The influence of such a view upon 
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the mind of the people would help to carry us forward through 
realms of faith and hope to realization of a prosperity expressed in 
terms of mind and soul, and of life defined by the measure of what it 
could give us, rather than of what we might pay to see the passing 
show. 

Wordsworth, a great interpreter of science in the human sense, 
wrote in his lines on science and the soul: 


“Go, demand 
Of mighty Nature, if twas ever meant 
That we should pry far off yet be unraised; 
That we should pore, and dwindle as we pore, 
Viewing all objects unremittingly 
In disconnection dead and spiritless; 
And still dividing, and dividing still, 


Break down all grandeur,....” 


I would like to see science do its humble part in helping to build a 
better world with all of its elements united, and to see it carry this 
work forward with that feeling of reverence which makes possible 
the appreciation of grandeur.—Whether we pry far off or look into 
the depths, I believe with Wordsworth that in the end, by reason 
of this effort, we should find ourselves upraised, and on a new level 
of intellectual and spiritual life. 


SCIENCE AND HUMAN VALUES 


HILE science is accepted universally as an outstanding 

feature of this age, there is wide difference of opinion as 

to how its materials and methods are related to human life. 
We range between that extreme interpretation which pictures scien- 
tific work as overshadowing and controlling all our interests and 
activities, and, on the other hand, a vision showing its results used 
in a multitude of ways, but without appreciable influence upon the 
principal values of life. The questions raised have so important a 
place in study of life today that they must be examined closely, if we 
are to attain full acquaintance with the forces concerned in evolu- 
tion of society. 

We may assume, as commonly accepted, that science represents 
an attitude of mind, or a mode of approach by which we discover and 
verify realities, organize facts in consistent groups, learn their true 
relation to each other, and ascertain their place in the larger scheme 
of knowledge. But more serious difficulty is met in attempting to 
state what things represent human value. 

So largely is everyday living controlled by what concerns mere 
existence and maintenance of life that whatever relates to these con- 
ditions naturally has large place in any estimate of worth or value. 
But in spite of our apparent exalting of what are called immediately 
practical affairs, there are no human characteristics more widely 
recognized, or more influential, then those relating to beliefs or 
philosophies defining what is considered of value in directing the 
activities of life. Over the ages there has been continuous effort to 
state these basic ideals or principles. Even in cases appearing to 
represent complete absence of belief, the vehemence with which a 
creed against creeds is expressed seems often only emphasis upon 
another kind of value. 

In the purely descriptive sense one might set up a group of major 


Address before the American Institute of the City of New York, February 6, 1936, on 
the occasion of the presentation of the Gold Medal of the Institute to Dr. Merriam for his 
discoveries in paleontology, his effective promotion of research, and his recognition of the 
place of science in man’s affairs. 11 pp. New York: The American Institute, June 1936. 
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interests or values such as those relating, first, to maintenance of life; 
second, to freedom of opportunity to grow or accomplish; third, con- 
cerning liberty to believe whatever seems reasonable; and fourth, 
relating to opportunity for appreciation or enjoyment of what com- 
mends itself. In life of this particular moment, one notes that atten- 
tion of the people of the country is turned toward consideration of 
what was intended in those basic ideas upon which government 
rests. The ideals expressed in the Declaration of Independence 
voiced the desire for life, liberty, and the pursuit of happiness. The 
features in growth of government to which reference is made will be 
described commonly as rights rather than values. The intimate 
structure of individual lives we must recognize as including an 
almost infinite number of things that we value in differing degree. 
But it is upon the elements common to mankind that what we call 
rights are based. 

Combining, for the moment, the views derived from terms that 
are merely descriptive with those based upon age-long development 
of human ideals, we see what is called /:fe, as it is guaranteed among 
the rights of government, representing maintenance of being and 
bodily comfort. Liberty expresses values in freedom of thought, 
belief, and action. Pursuit of happiness may mean opportunity to 
grow or toconstruct. Or it may be seen as the possibility for enjoy- 
ment or appreciation, involving those finer aspects of life expressed 
in art. 


Witu REFERENCE TO SCIENCE AND THE VALUES IN MAINTENANCE 
oF LIFE 


In its relation to maintenance of life or being and to bodily com- 
fort, science makes some of its most important contributions, and 
has many of its closest connections with what we call human value. 
Science is not itself the active applying agent in giving a better 
environment, better means of subsistence, protection against the 
elements, and such understanding of health and disease as makes 
possible for us a more effective and a longer life. But it is the con- 
tribution of science made through physical and biological research, 
transmuted into means for securing use of natural resources, into 
agriculture, into engineering, into medicine, that makes living safer, 
and increases both bodily comfort and enjoyment. 
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REGARDING SCIENCE AND FREEDOM OF OPPORTUNITY 


Freedom of opportunity, sometimes called liberty, has held its 
place among things valued by mankind because it represents that 
range and scope of action demanded by living souls. Liberty or free- 
dom as guaranteed through evolution of government will be con- 
sidered commonly as outside the range of contribution or influence 
of science. That this statement is correct one would admit if it 
appear that the cause of liberty and opportunity owes its success 
wholly to force of arms. But another element of power in advance- 
ment of human interests is found in the continuing logical state- 
ment of the facts upon which this cause rests. 

To some, science is limited to securing and organizing facts, and 
to the kind of approach in this activity which concerns exact deter- 
mination as in weighing or measuring. No one should doubt that 
the method of science does rest upon precise determinations of the 
quantitative as well as those of the qualitative type, and upon mate- 
rials not only discovered and measured but verified as well. But 
where discoveries introduce new elements, it is also a responsibility 
of the scientist to proceed with logical consideration of the informa- 
tion obtained. 

In the normal development of science, instead of excluding the 
logical or philosophical treatment of what is observed, one should 
hold that true science can not exist without considering the rela- 
tions between facts. In other words, there can be no science merely 
on the basis of measurement and without a philosophy. At the 
same time it is equally clear that philosophies resting merely upon 
logic may not only be unscientific but unsound. 

From another point of view it is important to note that the idea 
of science as analytical relates particularly to a stage in which the 
world was, so to speak, being taken to pieces by research, in order to 
learn its composition and structure. Modern science puts the pieces 
back, in order to see the universe as functioning. ‘The synthetic 
aspect of science represents an advanced stage, and is open mainly 
to great minds with broad vision, with abundantly tested facts, and 
with desire to know the truth as to process and function as well as 
structure. 

Returning to consideration of the means by which science, inter- 
preted in the broader sense, has influence touching values in freedom 
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and opportunity, one may mention, first, its bearing upon the widen- 
ing of means for self-expression and occupation; second, the ultimate 
influence exerted by a well-founded scientific philosophy of change 
and progress in making clear many aspects of opportunity. 

Concerning the first point, one may note that during the depres- 
sion period there has been much discussion regarding the effect of 
science upon employment. Against those who maintain that new 
discoveries increase our difficulties by throwing multitudes out of 
work, we have the argument that jobs made possible by new dis- 
coveries more than balance the losses in other directions. In general 
one may assume that we experience a rapidly changing condition 
with widening range of opportunity, but with inadequate means for 
adjustment to the shifts. Of course it is invention and engineering 
in the broad sense that produce these changes, but advance in 
scientific discovery is largely the foundation upon which the new 
structures are built. 

Of the alternatives proposed for correction of existing difficulties 
one would be to end research and drift into a situation with relatively 
few changes. 

Another alternative is to accept responsibility for adjustment to 
advances through discovery and invention, and to plan, among other 
things, a program of patenting which would consider public interest 
to a larger extent where such interest needs protection. In some 
cases scientific and industrial progress will be along lines which can 
in part be studied in advance, so that industrial and social adapta- 
tion can be experienced with less danger than in the past. 

The second aspect of this comment on the relation of science to 
opportunity concerns the influence upon life of ideas as to change, 
progress, and new possibilities arising from views of the world as 
known to science and to history. These views of the world fitted 
together present a continuing stream or movement in events with 
marked evidence of both change and progress. Seen in this perspec- 
tive, human kind shows stages of development connecting a great 
past with tides of movement rolling up to the present. 

We see also that by its own contribution human creative activity 
accentuates this influence looking toward change. Honest thinking 
requires that we recognize the unwisdom of looking forward to a 
stabilized condition either of the world or of society. We should 
expect the normal situation to be one of almost continuous adapta- 
tion to shifting situations, either in our environment or with refer- 
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ence to the products of civilization itself. This does not mean 
overturn of basic elements, but rather the adjustment to new things 
built upon the old. 

If this philosophy of life with its expectation of continuing oppor- 
tunity be correct, it is essential that the situation be met by a widen- 
ing of education for all citizens regarding the conditions involved, 
and with reference to the importance of an attitude toward change 
which will help to bring about adaptation by accepting the situation 
as one offering increased opportunity. 

The ideas involved in such a vision of changing conditions and 
their continuing opportunities come in part out of a philosophy 
of science, which recognizes in the changing world certain excep- 
tional elements of human value inherent in this situation. 


CONCERNING SCIENCE AND VALUES IN BELIEF 


Among the forces potent in human history there are none more 
powerful than the desire to believe what commends itself to the 
individual mind, and to live in accordance with that belief, or phi- 
losophy, or religion. Hunger, need for economic opportunity, and 
the wish for power are tremendous forces, but it is not often that 
they develop greater problems than those arising from belief. 

To assume that science has relation to such a type of value as is 
represented by belief looks again like reaching beyond the bounds of 
what we include properly in the purposes and methods of this kind 
of human interest. But it is not so specifically the intrinsic elements 
of these values that concern us as it is the way in which they are 
applied. Science does not often trespass upon the realm of human 
desires, or of reaction to beliefs. But indirectly, at least, it may fur- 
nish means by which the individual will test some of his relations to 
such materials. 

If beliefs owe their existence solely to what is within the human 
mind or soul, the relation of science to these conceptions or atti- 
tudes might well be considered as of such difficulty as to make its 
value small. While science will undoubtedly continue, and inten- 
sify, its study of facts relating to mental and spiritual states, it is 
not to be assumed that it questions the naturalness, or the right of 
the individual to those states or conditions of belief arising from his 
personal attitudes. 

We have, however, reached a stage at which there is recognition of 
man, his being, his attitudes, his thoughts, as not to be separated 


SCIENCE AND HUMAN VALUES 2121 


wholly from the universe of things and of minds in which he lives. 
We have been born out of this vastness. Whether or no we come 
“trailing clouds of glory,’’ we present an interesting reflection of 
what 1s about us and what has preceded us. Our attitudes of mind 
and even our beliefs are influenced by the conditions of life and the 
greater things of present and past existence as we come to know 
them. Scientists do not often quarrel with the idea of good and evil, 
furnishing so important a part of belief and of personal satisfaction. 
Neither would one searching for truth hesitate to consider the values 
represented in aspects of conduct expressed by what we sometimes 
call criminal action, if such action seems either intensified or weak- 
ened by change in nervous states due to injury or disease. 

The scientist asks only that there be allowed for what is believed 
the opportunity of exposure to values coming from broad vision of 
what is, and has been, in a world of things and people, now seen as 
infinitely more complex and more wonderful than the universe as 
known in any previous age. 

Science does not reach to the end of an infinite past, or an infinite 
future, or of infinite space. It does not fully understand the atom, 
the chromosome, inheritance, environment, the creation of the 
earth, the inner regions of the sun, or the intimate history of spiral 
nebulz. It is distinctly limited in every direction, but it is quite 
aware of this, and is satisfied to built slowly outward and upward. 
Science does not presume to interpret personal devotions or the 
belief in any philosophy or religion. It does say that each of us lives 
in a universe that is marked by unity and continuity in space, time, 
and apparently also in meaning. If this is true, what the scientist 
finds contributes not merely to atomic physics, or Cambrian palaeon- 
tology, or endocrine physiology; it contributes also toward under- 
standing of the world of things and of people. It may change our 
point of view in many ways, even to giving us more faith in 
the order of the world in which we live, or perhaps more hope for 
the future of humanity, or more charity for a suffering next-door 
neighbor. 


Wits REFERENCE TO SCIENCE AND VALUES OF APPRECIATION 


Among the multitude of values discovered in the pursuit of happi- 
ness, an infinite number are purely individual or personal, while 
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others are broadly represented in the interests of mankind. Happi- 
ness may concern success or achievement. It may originate through 
control of power, or possession of any among a vast variety of things. 
The ability to enjoy or appreciate may, in some, be limited to a few 
overshadowing purposes of life; or it may appear in ability to find 
high pleasure in things of everyday life representing those great 
conceptions developed through art and literature. 

So clearly are enjoyment and appreciation expressive of personal 
human reaction, that in consideration of their values science appears 
to offer little that can be helpful. But the experience of human 
beings concerning what they enjoy involves the things enjoyed, and 
the relation to them. Perhaps, though science may neither change 
nor control the elements of feeling, it can illuminate the object of 
appreciation with understanding, and surround it with a setting that 
emphasizes its qualities—But these are precisely the functions of 
art, which by throwing the spotlight upon particular qualities, and 
producing a harmonious environment, stimulates that feeling of 
enjoyment which, in certain aspects, registers as beauty.—Science 
requires both facts and a method of statement which will make truth 
unmistakable. Art is that superlative presentation which arouses 
interest and brings the reaction of personal value. 

Science is not art, but it may be doubted whether it ever attains 
its clearest or truest value without that form of presentation or of 
definition. The late Dr. Michelson, outstanding among our scien- 
tific men of recent years, insisted on this view in many illuminating 
discussions. Nor is art science, but there should be no less emphasis 
placed on the idea that art is essentially a method of stating truth. 
Perhaps neither science nor art attains its most effective expression 
alone. 

It may be then that in the field of appreciation or enjoyment, so 
far as it includes certain common aims of science and art, science 
can contribute in some measure toward realization of values that 
are among the most important discovered in life. 


In CONCLUSION 


The formulation of this statement might well appear designed to 
indicate an overshadowing influence of science, entering even into 
the sacred precincts of human feeling concerning value. In reality 
the purpose has been only to show the intimate relation of science 
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and its methods to aspects of being that have properly so high a 
place in human life and value. 

The attitude of science gives us a sure approach to knowledge, a 
widened and deepened field of vision over space and time, and added 
appreciation of the meaning in it all. Science opens the past for our 
inspection, and reveals creative activity in operation. It leads us to 
those doors that open out upon the unclear vistas beyond which we 
call future. And it invites us to build from the elements already 
revealed a faith that should not be disturbed by tides of years, nor 
by doubt concerning regions not yet fully known. 

As I see the situation, the science, philosophy, art, and religion of 
the future should be built in such manner that each may contribute 
its part to a structure that will give a safer and more pleasant abode 
than any that man has thus far designed. 

One of the greatest advances of all time was that expressed, ages 
ago, in the view that there is in the universe one power in many 
forms, or, in terms of religion, one God instead of many warring 
deities. It may be in order for mankind to make this discovery 
anew, or from time to time, when unity in views of the world and in 
belief seems threatened by erection of too many temples to deities 
of varying and perhaps inconsistent missions, in a world that, so far 
as nature is concerned, has operated as one system since time’s 
beginning. 


APPLICATION OF SCIENCE IN HUMAN AFFAIRS 


N THE voluminous literature relating to impact of science on 
human life there has been a tendency to stress the effects of 
technological development. This is to be expected since 

these advances result frequently in industrial change leading to 
wide social readjustment. It is, moreover, true that use of abun- 
dant natural resources and rapid technological progress have given 
implements, apparatus, and processes which have occupied time and 
attention of the people to such an extent that their activities, and 
to some extent their thought, have been turned into new paths. 

It is, however, important to bear in mind that the problems of 
human affairs as represented especially in social evolution are not 
comprised wholly in study of materials, or mechanisms, or modes of 
Operation, or organizations made possible by scientific discovery. 
These new things make great changes in our environment, as also 
in our activities, but they may not greatly affect life as expressed in 
guiding aspirations, and ideals. Therefore, we may not conclude 
this American Institute series on “Social Implications of Science” 
without careful consideration of the influences, direct or indirect, 
which science exerts upon the basic values of human life and their 
general relation to interests and ideals as seen in human affairs. 

In a paper presented before The American Institute in February 
1936 I spoke on the subject of “Science and Human Values,” par- 
ticularly with a view to considering the extent to which scientific 
influences may touch the more fundamental values of life. That 
paper was preceded by a somewhat similar discussion entitled, 
“Ultimate Values of Science.” It is my desire now to stress 
certain aspects of the question of science in relation to human values, 
with the idea of considering the extent to which such influence may 
have effect especially upon thought and ideals. In this discussion 
free use is made of quotations from the papers to which reference 
has been made, and others among my own studies. 

Address before The American Institute, New York, New York, May 10, 1938, in a series 


on “Social Implications of Science.” Carnegie Institution of Washington Supplementary 
Publications, no. 42. 11 pp. November 21, 1938. 


2124 


APPLICATION OF SCIENCE IN HUMAN AFFAIRS 2125 


Some years ago, for purposes of discussion, I used a classification 
of possibilities for improvement of conditions affecting mankind. 
Four categories were described to show the influence of science: 
first, the relation of scientific activities to our use of resources in 
nature; second, consideration of the range and value of accumulated 
knowledge and materials resulting from human effort as influenced 
by science; third, discussion of the extent to which through the ages 
our capacity to understand and to accomplish has been enlarged; 
and, fourth, the possibility that science with other factors may have 
influence upon our desires or interests or attitudes of mind. 

There is no doubt regarding the contribution of science toward 
betterment of the situation of mankind with reference to the first 
two points, namely, improvement of our means for securing and 
using natural resources, and advance in organization of knowledge 
and materials resulting from human effort. But inquiry concern- 
ing the extent to which our capacity to understand and to accom- 
plish has been increased is commonly looked upon as a subject 
for discussion. There would probably be involved improvement 
in the race by one or more of several means now under study. This 
might take place through modification of our environmental condi- 
tions, or through selection or improvement of physical stocks such 
as might increase the average intellectual capacity of human beings. 

The fourth possibility, concerning influence of science with allied 
fields upon our desires or interests or attitudes of mind, involves a 
great range of questions, among which must be considered the 
fundamental character of man and his relation to the universe. 
Whether the nature of man is such that his beliefs, aspirations, ap- 
preciations, and ideals can be influenced by knowledge of the world 
about us included in what we call science, so as to change the trend 
of individual or social development, presents a problem of great 
dificulty. There is, however, a tendency to take the view that 
man is not to be separated sharply from the world of things in which 
he lives, and that evolution of the human being is ultimately deter- 
mined in considerable part by relation to the surrounding universe 
of which he seems to be a part. If this be true, one can properly 
give consideration to the effect that knowledge of the developing 
setting, and of our place in it, may have upon our conceptions of 
what is of largest worth to us, and upon our attitude toward these 
greater values. 
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In our attempt to understand the contribution of science toward 
interpretation of the order of stability or instability in nature, and 
of man’s place in relation to nature, and to obtain an understanding 
of the meaning of science in human affairs it is desirable to have 
some appreciation of the relatively narrow limits of acquired knowl- 
edge. Especially is this important if we wish to estimate the pos- 
sible influence of great advances of knowledge in the future. 

An astonishingly large percentage of intelligent people conceive 
of available knowledge as comprising nearly all that may be known. 
It has required the shock of many recent discoveries in physics, 
chemistry, astronomy, and biology to make clear the fact that our 
acquaintance with much that is nearest to us is still distinctly 
inadequate; and that in this present so-called advanced period we 
can be assured of regions of the unknown, but not unknowable, 
around us so vast that realization of our ignorance makes us look 
only with humble pride upon past accomplishment. 

Human beings seem curiously inconsistent in that, though they 
become stunted individually if opportunity for growth or change is 
not available, they attempt to deceive themselves into belief that 
an unchanging situation is the normal condition of nature. We 
calculate an average rainfall and expect it to rain just so many 
inches, be it 24 or 46 each year. We are shocked if it rains more or 
less than the estimated amount. We see the rocks distorted and 
torn by countless movements dating through past ages of earth 
history, but are surprised when a slip of a few inches disturbs the 
seeming present-day stability and produces an earthquake. 

Yet history shows us that, along with the law which states that 
nothing is completely destroyed, we must recognize the idea that 
nothing remains indefinitely the same. The geological book—the 
greatest historical document of all ages—gives us as one of its 
truths the fact that in the known record of life, covering hundreds 
of millions of years, practically nothing has remained unaltered; 
that the rule has been not only continuous change but con- 
tinuous advance. Through vast periods man has himself been 
subject to changes like those that have been expressed in other 
living types; and the habit of nature so set forth seems to indicate 
that with the earth in continuous state of modification we may ex- 
pect life and man to show for the future a rate of growth comparable 
to that of past ages. We have then to face not merely the question 
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of new knowledge which research should secure for uses of the mo- 
ment, but with this we must have understanding which will guide 
in the continuous movement, both incidental and evolutional, which 
is to be looked upon as the natural order of the universe. 

It seems true that a broadening view of the world of things and 
of events, expressed through science in astronomy, earth history, 
biology, or the story of life through the ages, gives a vastly increased 
appreciation of law, or unity, and of the interrelation of elements in 
the world. Such a vision includes all history and our relation to 
it. It gives a new understanding of man’s place in the world, pre- 
senting a new outlook over the universe, with better opportunity 
for appreciation of values in the greater problems of life. 

The effect which increased knowledge regarding the world about 
us and our place in it, or new phases of appreciation of the world, 
might have upon attitudes of mind could conceivably be at least 
as important as any other factor developing from advance of science. 
The influenceof science upon our utilization of natural resources, upon 
development of accumulated values produced through the work of 
man, and upon the bettering of our capacity for activity will always 
be of great significance. But the ultimate value in these relations 
depends largely upon the influence which they may have on our 
attitude with reference to the place which we have in the world 
and toward ourselves as responsible agents in this world. There 
may be progress, and contentment, and enjoyment with small re- 
sources. There may be wickedness, and bitterness, and infinite 
discontent with riches and great capacity. We may abolish poverty 
in the material sense, and yet have poverty of mind and soul. We 
may free man in some measure from the drudgery of manual work, 
and yet leave him enchained in spirit. 

The influence of science upon our point of view and ideals may, 
by some, be thought negligible, since the attitude involved will be 
assumed to depend upon spiritual values, while science is looked 
upon as concerned only with cold facts and logic. It is, however, 
important to realize that by definition science represents the search 
for truth, whether it relate to the elements of physics, chemistry, 
history, or human conduct. The use of reason is only a logical ex- 
tension of truth. Facing the facts by the method of science is to 
strip away untruth, dishonesty, self-deception. This may be by 
changing alchemy to chemistry, astrology to astronomy, the rab- 
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bit’s-foot type of healing to scientific medicine, wishful thinking to 
factual economics, or self-centered beliefs to honest, constructive 
religion. 

As seen today the universe is a vaster and more orderly place 
in which to live than was recognized in earlier interpretation of 
scientific vision. But in the most fundamental aspects of his in- 
vestigations the scientist sees more clearly than at any previous 
stage that he does not fathom nature completely in essence, or 
power, or ultimate meaning. With the advance made by modern 
science the so-called material universe may appear less clearly 
material, or at least one should say that it is still beyond our full 
understanding. And for the reason that science alone is not finality 
we need a better relation to other points of view. The interests of 
science, art, philosophy, and religion must be joined if their human 
value is to be most fully attained. Each may stand alone as an 
abstract or non-human value, but when human interests are touched 
they must come into intimate, mutually supporting relation. 

Seen in the light suggested as normal or natural, science should 
aid in forming basic beliefs and philosophy, and even religion may 
use it as material with which to build. Science may be looked upon 
as giving reasons why every man should have a philosophy and 
admit it, and at least an appreciation of what religion may signify. 

Science may even find such doctrines as those in the Sermon on 
the Mount, or in the principle of brotherly love, or in the Golden 
Rule, sound according to ideas which govern in scientific reasoning. 

So we may come to expression of belief that even more impor- 
tant than those values which aid to bring riches and abolish poverty 
is the fact that science contributes toward betterment of life by 
placing before us the desirability of facing the realities, or the facts, 
and of taking the broader and longer view with reference to every- 
thing in life. Giving increased significance to truth, and depending 
more fully upon it, means not only a bettered and more nearly 
stable and safer world, but one in which the possibility of forward 
building or of accomplishment is enormously enhanced. 

Consideration of the influence of science upon human beings has 
thus far in this paper seemed to relate itself mainly to the individual, 
although the title, “Application of Science in Human Affairs,” 
is one in a series devoted to “Social Implications of Science.” 
This method of discussion has been used as it appeared desirable to 
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stress the reaction of the individual, as the most definitely impres- 
sionable unit in society upon which and through which social 
forces may act. Important is it also to note that in this country 
discussion of human affairs, or of social implications, commonly is 
translated into terms of government, by reason of the possibilities 
in our form of governmental organization resting upon the will of 
a people, acting in considerable part as individuals, with their 
variously defined ideas as to what is of special value. 

While important social changes may originate from adjustment 
to industrial reorganization following technological advance, such 
modifications may have less significance than shifts in point of view 
concerning needed governmental changes brought about by ad- 
vancing education and considered judgments having their origin 
in fuller appreciation of the realities of life and their wider signifi- 
_ cance. As the extreme example of this type of influence one notes 
that we become increasingly clear regarding the impossibility of 
effective democratic government excepting under control of a 
broadly-educated, clear-thinking people insistent on discussion in 
terms of real things and of laws which represent natural conditions. 

Social application of principles that develop out of the kind of 
influence discussed here may take place in a great variety of ways— 
sometimes through methods that are essentially applied science, as 
in agriculture, or fisheries, or mining, or relating to other natural 
resources. Other uses arise through the enormous fields of study 
on health, sanitation, and many factors included in welfare that 
have relation to control of balance between groups in our population. 

In certain kinds of application which rest basically upon scientific 
study relations appear which are not always recognized in the in- 
dividual or separated fields of science. So, for example, the rapid 
development of certain aspects of what has been called conserva- 
tion, especially as applied in soil conservation and allied activities, 
involves a synthesis of elements in nature standing in sharp contrast 
to the more common types of scientific work concerned largely with 
analysis or dissection. The kind of interrelation or unity found 
here we see extending itself into what we call studies on population, 
or to questions involving man himself as a part of the natural world, 
and requiring for their understanding a point of view like that de- 
veloped in scientific conservation research. 

Adequate understanding of the ways in which science or organ- 
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ized knowledge may affect human affairs will be attained only when 
in addition to what has been mentioned we have full understanding 
of approaches to this problem from many points of view which have 
not as yet been brought into satisfactory relation to one another. 
So, for example, we must have a much better understanding of 
psychology and psychiatry in relation to individuals and to groups 
than has thus far seemed possible. Such knowledge will involve 
great advances in biology, including many aspects of physiological 
research intimately connected with psychology. 

Unfortunately human affairs are moved to an alarming extent 
by elements or forces appearing in mental states which it is difficult 
to explain through science. Such, for example, are malice, envy, and 
hate, operating in individuals or in groups so as to produce tremen- 
dously disruptive influences. And yet we may inquire whether, even 
in handling of these factors, application of the methods of science 
may not be useful in attempting to secure desirable and effective 
means of adjustment. 

Ignorance, bad judgment, and selfishness are other obstacles 
which block the way of advance. Ignorance can be corrected, bad 
judgment depends in part upon ignorance and in part upon the 
tendency to act without information. Selfishness is in part natural 
defense of the individual, and science may show what its limits of 
advantage should be. But where consideration of self is put in 
advance of all interests of all other beings, a principle is introduced 
which makes adequate human organization impossible, and espe- 
cially the success of democratic government. 

Again, among other things, it will be necessary to have a much 
more extensive and more intimate knowledge of history and its 
meaning than has thus far been secured. Not only must we know 
the true sequence of events in the human story, but we must un- 
derstand the effect of changing environments and of genetical in- 
fluences through the ages. The man of science should go at least 
as far as the poet in appreciating the “‘weight of centuries,” such 
as is suggested in Markham’s poem on ““The Man with the Hoe”: 


“Bowed by the weight of centuries he leans 
Upon his hoe and gazes on the ground, 
The emptiness of ages in his face, 

And on his back the burden of the world.” 
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We see also the significance of accumulations of complex elements 
which enter into the structure of a life, or a government, or the 
physical aspects of cities or communities, as in the older parts of 
Europe, such as Rome, referred to by Shelley as: 


“, «» Rome,—at once the Paradise, 
The grave, the city, and the wilderness; 
And where its wrecks like shattered mountains rise, 
And flowering weeds and fragrant copses dress 
The bones of Desolation’s nakedness 


..- Ages, empires, and religions there 
Lie buried in the ravage they have wrought;”’ 


This is a time to guard against such vision as may tend to 
limit the value of history as a critical element in discussion of our 
national problems, or to obscure conditions existing over other 
regions of the earth. With a world drawn together by bonds that 
touch every aspect of life, from exchange of fundamental commodi- 
ties to interaction of philosophical and religious beliefs, it is essen- 
tial that situations be faced for what they actually are. This may 
concern policies governing exchange of foodstuffs, or questions relat- 
ing to world cooperation in needed research on weather or health, 
or responsibility for government of weak nations. Definition of 
policies on a basis in which science and history fit themselves to 
economics and government is essential. The more directly we 
face the issues, with honest use of all knowledge to be obtained, the 
earlier may we expect the shadows of deep clouds to pass. 

Attention has already been called to the effect of current mis- 
conceptions regarding the actual extent of our knowledge of the 
world about us compared with what might be known. Having this 
in mind, it is important in attempting to guide development of 
science along the best lines with relation to human affairs that the 
citizen of average intelligence come to realization that he lives in a 
world which we understand only in part. He should appreciate the 
fact that at every turn he encounters the limits of his own knowledge 
and of our total store, and that the steps which lead to success are 
in many cases of a type defined by science and research. In every 
kind of business or occupation he moves among those concerned with 
attack upon problems which are new. In some small part he is 
called upon to help in answering these questions. The citizen should 
do as much as he can to secure information on problems needing 
solution. In a still larger way it is desirable to understand that 
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there is under way a movement toward solution of economic and 
governmental questions, and that he may exercise his privilege of 
giving intelligent support to those whose special work it is to in- 
vestigate these matters and to pass judgment upon them. 

It is a part of the duty of the citizen to know the difference be- 
tween pernicious questioning and constructive thinking; to give 
his best thought in the attempt to learn what things of the es- 
tablished order should be left alone and which should be changed. 
He should be insistent on stability, and yet recognize the shifting 
character of most things natural and human, and appreciate the 
value of progressive movements. 

The conscientious citizen must learn to know and value contribu- 
tions of the specialist or expert in scientific constructive work, and 
call into his service men representing fields other than his own par- 
ticular province. The habit of requesting properly organized in- 
vestigation must be developed and put into use in directions which 
show promise of leading to results of importance to the com- 
munity interests. In this way influence of the scientific method in 
human affairs may give us greatly bettered business and govern- 
ment, and bring about a situation in which our attitudes of mind 
and even our ideals may be defined more largely in terms of 
facts than by personal biases inadequately buttressed by realities. 

In development of influence by science upon human affairs such 
as I have visualized, education must play a large part through giv- 
ing, even in elementary courses, a better view of knowledge and an 
understanding of the way in which it grows. It is a fair ques- 
tion whether anything would go farther toward bringing us to a 
satisfactory appreciation of our present situation than a course of 
instruction on that which we do not know, but which might by in- 
vestigation become known. With this there would naturally go 
presentation of evidence as to methods by which constructive work 
could help to bring this information and to apply it. 

A great responsibility for realization of the possibilities in educa- 
tion rests upon scientific organizations giving themselves to the 
problems of constructive thought. Scientific institutions should 
aid in making clear the function of education to train in judgment 
and constructive or creative activity rather than merely to en- 
courage the amassing of facts. All scientific men should see that 
the contributions from their investigations are not buried more 
deeply than were the materials from which these results have been 
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derived. New ideas should be fully stated, and placed where the 
applying engineer may secure the data which he requires to meet 
human needs, and where the citizen will have opportunity to find 
them. We have also a duty, so to organize our work that other in- 
vestigators and appliers will not only know the results, but may co- 
operate with us to mutual benefit. 

Widely distributed and frequently stated facts noted in daily 
papers, magazines, movies, and books bring an inescapable impres- 
sion concerning the nature of scientific truth. Such are discussions 
regarding the character of radio waves, the nature of the stars in 
terms of elements well known on our own earth, the dimensions of 
the universe, the evidence of geology relating to vast periods of 
time, and connected or related facts in human history. 

Science is itself a powerful educator just because it turns atten- 
tion to real things, and away from substitutes. Nor can we dismiss 
the idea that the expressions of reality and law considered do not 
relate solely to food and maintenance of life. They concern also 
other values, which make evident to us from day to day the pos- 
sibilities of advance in thought and ideals in a world in which 
everything is affected by those modes of procedure, or natural laws, 
that we recognize as essential factors in the world about us. 

It is perhaps important to note that the present difficult situa- 
tion in the world is not due wholly to lack of information in any 
particular field of knowledge. Nor is it to be explained fully by 
influence of greed or bad judgment in any limited group of people. 
In no small part it may be ascribed to our failure to be guided 
generally by certain fundamental conceptions or attitudes which 
should be dominant in the thought of the world. 

We should have new information with which to meet new prob- 
lems, but present conditions are not so radically different from those 
of years just behind us. We need greatly the wide acceptance of an 
attitude of mind illustrated by the pattern of scientific thinking, 
with its persistent search for facts upon which to base judgment, 
and its broad vision over the world of things and of events. It 
is believed that such a situation would contribute materially in 
the effort to attain a higher level of appreciation of existing con- 
ditions and of understanding as to the greatest good for the future. 
The influence of such a view upon the mind of the people would, I 
feel, help to carry us forward through realms of faith and hope to 
realization of a prosperity expressed in terms of mind and soul, and 
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of life defined by the measure of what it could give us, rather than 
of what we might pay to see the passing show. 


In CoNCLUSION 


Following the recent period of intense specialization, as well as 
of broad differentiation, science has tended to place special em- 
phasis on certain aspects of relationship among its many sub- 
jects. Astronomical research pictures to us with increasing clear- 
ness the world of things about us as an integrated universe, rather 
than as groups of wholly separate and unrelated features. The 
law of gravitation may express the idea of unity as definitely as 
any philosophical conclusion. In biology the theory of general 
evolution brings into the world of living things another principle 
of interrelationship and of continuity through space and time. 

Much as the idea of unity has developed in science, so many 
present-day students take the view that it is important to consider 
the relations between science and other human interests represented 
by philosophy, art, and religion. Some have seen these subjects 
interlocking in such manner as to make necessary consideration of 
all these points of view together if one desires a correct picture of 
the universe or of life. 

Assuming that there is adequate foundation for these views re- 
garding interrelations in science and in knowledge broadly, it be- 
comes possible to consider the influence of science through the 
whole range of human interests and activities. This would not 
necessarily mean reducing everything to terms of science. It would 
indicate only that the influence of science is felt widely through hu- 
man affairs. 

If the points that have been made are correct, it may be seen as 
desirable to make sure that the science utilized is clarified and pur- 
ified, and so organized that its effect may be wholly to human ad- 
vantage. The way of advance to such a stage of development as 
has been described is evidently, first, through the building and veri- 
fying activities of research and, second, through constructive educa- 
tion based upon realities and utilized in such manner as to open 
the way for the best possible types of application to human problems. 

It is, finally, essential that science in its human relation be visual- 
ized not alone as cold facts, but as a means of obtaining a clearer 
vision of what is, what has been, and what may come to be, both in 
things called inanimate and in those possessed of vitality, including 
such life as that represented in human experience. 


PROBLEMS RELATING TO NATURE 


Nhe on) Day : 
er a in 


1 


OLA gatee he 
i vive 


BUM ih 
Ayaan 
SCO PDE ONY 

Be ya aa 

DN e Han helt 

i a” hy as) f 


yoy i” 


ti 


Win 


ay 


\ 


p 
SAME WE PUTS he Dirh Peay ne niet j 
Sane } ; 


fr , 
Wy ren 
uy i 


SIGNIFICANT FEATURES IN THE HISTORY OF LIFE 
ON THE PACIFIC COAST 


NTRODUCTION.—There are many significant features in every 
| phase of West Coast palaeontology, but in certain aspects the 
history of life in this region is as yet imperfectly known, and 
little of world interest has been contributed. For a considerable 
portion of the earlier history of the lower animals we have here only 
a meagre record compared with that of the Atlantic Coast. Our 
story of the plants is largely that of the later periods. Of the age 
of amphibians we have no amphibian record. Of the wonderful 
world history of the great reptile class we know but a limited portion 
of the record of two groups. In the evolution of mammals we lack 
entirely the long record of Eocene time. After subtraction of the 
factors which are poorly represented there is much remaining, and 
it is to the features which are here unusually well expressed that the 
visitor will naturally be attracted. , 

Tue History or PLants.—Our knowledge of the history of the 
plant kingdom in the Pacific Coast region is much less advanced 
than that of many groups of animals. Of the plant life from the 
older or Palaeozoic formations very little is known on the western 
border of the continent, and not until we reach the next great divi- 
sion, the Mesozoic, do we find material which has attracted especial 
interest. The oldest well-known flora is that of the Jurassic period 
of the Mesozoic described from Oroville in California, Thompson 
Creek in Oregon, and other localities. In this group are many ferns, 
cycads, and the strange ginkgos now almost extinct. It includes 
many types known also in Jurassic areas of the Old World. 

The Cretaceous flora is especially well represented in the great 
thickness of deposits of this period in the northern end of the Sacra- 
mento Valley in California. It contains many ferns, cycads, coni- 
fers, and a few of the higher flowering plants. Ginkgos are not 
known, but are found in a later flora. Almost without exception 
the Cretaceous plants belong to species not known in the Jurassic 

Nature and Science on the Pacific Coast, pp. 88-103, pls. IX-XI. San Francisco: Paul 
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Fic. 11. Geographic situation of important localities at which fossil remains are found in 
the West Coast region. A square dot indicates the occurrence of vertebrates, a circular dot 


Field, Cambrian invertebrates 

. Nanaimo, Cretaceous invertebrates 
. Swauk, Eocene plants 

. Roslyn, Eocene plants 

. Carbonado, Eocene plants 

. Vader, Eocene invertebrates 

. Montesano, Tertiary invertebrates 
. Astoria, Oligocene invertebrates 


. Pittsburg, Oligocene invertebrates 

. John Day, Tertiary mammals and plants 
. Crooked River, Oligocene mammals 

. Fossil Lake, Pleistocene mammals 

. Payette, Tertiary plants 

. Aspen Ridge, Lower Triassic inverte- 


brates 


. Coos Bay, Miocene invertebrates 
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flora of this region. In a few areas of the West Coast, as at Van- 
couver Island, remains of Cretaceous plants accumulated in suffi- 
cient quantity to form coal beds. 

In the Eocene period, following the Cretaceous, plant life was 
more abundantly preserved ‘than at any other time in the history 
of the Pacific Coast region. It was during this time that the greater 
part of the West Coast coal was deposited, largely through accumu- 
lation of remains of coniferous plants. There is good reason to 
believe that conditions were unusually favorable during this time 
both for accumulation of coal and for abundant growth of plants 
over wide areas of low-lying land. The Eocene flora is especially 
well known from the coal mines of the Puget Group in western 
Washington, from the Swauk and Roslyn beds of eastern Washing- 
ton, from the Upper and Lower Clarno beds of eastern Oregon, and 
from the Ione formation of the eastern border of the Sacramento 
Valley in California. At least two phases of this flora are known. 
The earlier or Cherry Creek phase of the eastern Oregon flora con- 
tains a considerable percentage of ferns and is more closely related 


16. Port Orford, Tertiary invertebrates 37. Astor Pass, Pleistocene mammals 

17. Roseburg, Tertiary invertebrates 38. Elko, Tertiary invertebrates and mam- 

18. Thompson Creek, Jurassic plants mals 

19, Klamath Mountains, Cretaceous inver- 39, West Humboldt Range, Triassic inverte- 
tebrates and plants. brates and reptiles 

20. Shasta County Limestones. Triassic 40. Cedar Mountain, Miocene mammals 
invertebrates and reptiles 41. San Pablo Bay, Tertiary invertebrates 

21. Samwel Cave, Pleistocene mammals and plants, Pleistocene mammals 

22. Potter Creek Cave, Pleistocenemammals 42. Mount Diablo, Tertiary invertebrates 

23. Kennett, Devonian invertebrates and plants 

24. Eel River, Pliocene invertebrates 43. Merced, Pleistocene and Pliocene inver- 

25. Horsetown, Cretaceous invertebrates tebrates 

26. Elder Creek, Cretaceous invertebrates 44. Santa Clara, Pliocene plants 
and plants 45. Coalinga, Tertiary invertebrates and 

27. Chico, Cretaceous invertebrates mammals 

28. Oroville, Jurassic plants 46. Inyo County, Cambrian invertebrates 

29. Plumas County, Carboniferous inverte- 47. San Luis Obispo, Tertiary invertebrates 
brates 48. Kern, Miocene invertebrates 

30. Plumas County, Silurian and Jurassic 49. Ricardo, Pliocene mammals 
invertebrates 50. Barstow, Upper Miocene mammals 

31. Marysville Buttes, Eocene invertebrates 51. Manix, Pleistocene mammals 

32. Chalk Bluffs, Tertiary plants 52. Rancho La Brea, Pleistocene mammals 

33. Hawver Cave, Pleistocene mammals 53. San Pedro, Pleistocene invertebrates 

34. Knoxville, Cretaceous invertebrates 54, Santa Ana Mountains, Cretaceous and 

35. Ione, Tertiary plants and invertebrates Tertiary invertebrates 


36. Virgin Valley and Thousand Creek, 55. Carrizo Creek, Tertiary invertebrates 
Tertiary mammals 36. Fort Tejon, Eocene invertebrates 
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GEoLociIc OccuRRENCE OF LocaALiTiEs ror West Coast FAUNAS AND FLORAS OF ESPECIAL 
SIGNIFICANCE IN A STUDY OF THE History or LIFE 

All localities listed in this table appear on the map, Figure 11, on Page 2138. The na- 
ture of the material at each locality is indicated in the legend for this map. 
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Palaeozoic 


Permian 


Carboniferous 


Devonian 
Silurian 


Ordovician 


Cambrian 


Shasta County 


Shasta County 


Kennett 


Plumas County 


Field, B. C. 
Inyo 


to the Cretaceous flora than is the Upper Clarno of Bridge Creek, 


Oregon. 


In the upper flora walnut, birch, alder, oak, maple and 


sycamore make up a large percentage of the plants, and ferns are 
not known. 
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From strata of the Oligocene period a very few plants are known 
in the uppermost John Day beds of eastern Oregon. 

The flora of the West Coast in Miocene time is well shown at a 
number of localities. In the Mascall Middle Miocene of the John 
Day region very abundant remains represent about eighty species. 
Included among these plants are the following types: willow 9 
species, oak 7 species, elm, magnolia, tulip tree, sycamore, acacia, 
maple 8 species, sequoia 3 species, yew, scouring rushes, and a 
ginkgo. A flora resembling that of the Mascall beds is found in 
eastern Washington and in several other regions of the West. The 
flora of Corral Hollow in middle California is referred to the Upper 
Miocene. The splendid flora of the Auriferous Gravels from the 
Sierra foothills of middle California has been generally recognized as 
Miocene, though Knowlton who has most carefully studied it notes 
also a relationship to the Eocene. Recent work has shown the 
presence of an Eocene marine fauna in beds thought by many to 
represent the same period as formations containing the Auriferous 
Gravel plants. 

The plants of the last two periods preceding the present, that is 
the Pliocene and the Pleistocene, are relatively little known, though 
scanty materials have been obtained from formations of both 
periods. 

History or INVERTEBRATE Faunas.—The unusually thick series 
of sediments in the Pacific Coast region presents an exceptional 
opportunity for the study of life zones of invertebrates. The marine 
faunas of a number of the periods are at least as well represented 
here as in any part of the world, and some of the faunas are of 
unusual importance. In the western region the faunas of the 
Silurian and Devonian are not relatively significant. Jurassic 
faunas are known, but are of relatively small importance. The 
Carboniferous and Permian are represented by abundant remains at 
a number of localities. —The Cambrian, Triassic, Cretaceous, Eocene, 
Oligocene, Miocene, Pliocene, and Pleistocene are all known by 
faunas of unusual interest which may well attract the attention of 
the palaeontologist. 

Cambrian faunas are found at a number of localities in the western 
region, among those of importance being the occurrence of Lower 
Cambrian in Inyo County, California, and the extraordinary Cam- 
brian faunal representation of southern British Columbia. The 
occurrence at Field, in British Columbia, is among the most im- 
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portant of the Cambrian localities of the world. The wonderful 
preservation of the specimens makes possible unusually satisfactory 
studies on this fauna. The slab shown in Plate IX illustrates the 
nature of the material. 

Silurian rocks are known in Plumas County, California. A 
Devonian fauna has been obtained from limestones exposed along 
the upper Sacramento River at Kennett. Carboniferous exposures 
of importance appear in Shasta County, California, where great 
thicknesses of shales and limestones contain in places an abundant 
fauna. 

Of the whole Pacific Coast section there is no division in which the 
invertebrate life is of greater interest, or presents a greater variety of 
forms than the Triassic of Idaho, Nevada, and California. Through 
the work of Professor James Perrin Smith these faunas have been 
exhaustively investigated, and a part of the result of this work has 
already appeared in the publications of the United States Geological 
Survey. By far the most interesting phase of the Triassic life 
represented in these rocks is found in the nautilus-like molluscs of 
the ammonoid group, which are known by a great number of speci- 
mens representing many genera and species, and showing a remark- 
able state of preservation. In a study of the material available 
important results have been obtained which bear on the evolution 
of the cephalopods, and on the whole biological question of mode of 
evolution. In anumber of cases these faunas exhibit close relation- 
ship with those of the Triassic of other portions of the world, and 
make possible important studies on the geographic distribution of 
animals, and on climatic changes during Triassic time. Extensive 
materials representing the West American Triassic invertebrates are 
deposited in the palaeontologic collections of Stanford University. 

The rocks of the Cretaceous period are of great geographic extent 
and of unusual thickness. At Elder Creek in the northern portion 
of the Sacramento Valley, California, a measured section has been 
studied which approximates 30,000 feet in thickness. Three 
important faunal zones, the lower or Knoxville, the middle or Horse- 
town, and the upper or Chico, have been recognized. Abundant 
material representing all of these zones has been described by W. M. 
Gabb, by Dr. T. W. Stanton, and by F. M. Anderson. Good 
collections are available at Stanford University and at the Uni- 
versity of California. The Knoxville division is by many considered 
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Cambrian fossils from near Mount Wapta, British Columbia. There were fourteen species of 
trilobites and other crustaceans on the slab from a portion of which the photograph was taken. 
Photographed from a specimen in the United States National Museum, through courtesy of Charles 
D. Walcott, Secretary of the Smithsonian Institution. 


Reconstruction of Cymbospondylus petrinus, the characteristic ichthyosaur, or fish-lizard, of the Middle 
Triassic limestones in the West Humboldt Range, Nevada. Length in life approximately thirty feet. This 
animal was a reptile specialized for life in the sea. Drawn in 1907 by Mrs. Grace Ballantine under the direction 
of John C. Merriam. 


PLATE XI 


One of the University of California pits at Rancho La Brea. The numerous bones in view 
had not been removed from their original positions when this photograph was taken. This 
picture shows skulls of four sabre-tooth tigers, four large wolves, parts of the skeletons of four 
ground-sloths, skulls of the extinct horse and bison, and limb bones of the camel and mastodon. 


Photographed by John C. Merriam. 
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to represent the Jurassic rather than the Cretaceous. Excellent 
material from Cretaceous faunas is also known at many other 
localities in the West, as in the Klamath Mountains on the border 
line between Oregon and California, the Blue Mountains of eastern 
Oregon, at Martinez and Mount Diablo near San Francisco, and 
in the Santa Ana Mountains in southern California. 

The marine Eocene of the Pacific Coast has one of the best repre- 
sented and best known of the later faunas. At least two divisions 
are recognized, the lower or Martinez and the upper or Tejon, in 
both of which a large number of species are reported. The Martinez 
fauna is found in the southern portion of California, and possibly 
as far north as Washington. ‘The generally recognized Tejon fauna 
ranges the whole length of the Pacific Coast region and serves as 
one of the characteristic bases for reference in stratigraphy. The 
Martinez fauna is well known at Mount Diablo near San Francisco. 
The typical locality of the Tejon is at the southern end of the San 
Joaquin Valley in California. ) 

Oligocene faunas are found in Oregon and Washington, and have 
more recently been described from middle California. 

In the Miocene an unusual wealth of invertebrate material 
appears in Oregon, Washington, and California. Especially in 
western Washington and southern California there are enormous 
thicknesses of beds referred to this period. At least three distinct 
divisions of the Miocene can be made on the basis of the faunas, and 
this number will doubtless be greatly increased by further study. 
In the immediate vicinity of San Francisco Bay excellent sections 
of the Miocene can be studied, but the thickest sections are repre- 
sented in the southern portion of the state. In the vicinity of 
Coalinga good exposures of the Miocene may be seen with the 
Focene and Pliocene. 

Important Pliocene occurrences are those in the Merced series 
near San Francisco, where a splendid section of approximately 5000 
feet is exposed. Good faunas are seen again at Purisima south of 
the Merced region, and in the Etchegoin formation near Coalinga, 
on the western side of the Great Valley of California. 

In Pleistocene time the sea had retreated to the outermost border 
of the continent, but deposits of great thickness were laid down at 
some localities. The fauna is abundantly represented in many 
sections. The best known Pleistocene of the West Coast is that of 
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San Pedro in southern California. The fauna of this locality has 
been admirably described in a memoir by Dr. Ralph Arnold. Ac- 
cording to this description the lower portion of the San Pedro 
Pleistocene represents a cold-water stage, while the upper San 
Pedro was laid down under conditions of somewhat higher tempera- 
ture. In addition to the abundant invertebrate fauna of the upper 
San Pedro, there have recently been found in these beds a number of 
vertebrate remains, which contribute important information bearing 
on the general problem of time correlation among the Cenozoic 
deposits of the western region. 

History OF THE VERTEBRATES.— lhe relatively large area covered 
by a thick mantle of strata deposited in a sea in the region west of 
the Sierra-Cascade Range has given large opportunity for the 
preservation of marine invertebrates, and the probabilities of pres- 
ervation of vertebrates, excepting fishes and marine forms of the 
higher groups, are relatively small. 

In the Great Basin Province no marine invertebrates are found in 
rocks of later date than the Jurassic period, and following this time 
fresh-water and land-laid deposits presented large chance of en- 
tombment of the higher types of vertebrates. For these reasons 
the history of the Pacific Province is known largely in terms of the 
stages of development of the lower animals, and a considerable 
portion of the Great Basin history is interpreted in terms of the 
succession of vertebrates. 

FIisHES AND AMPHIBIANS.—Dr. David Starr Jordan has assembled 
all available information on the fossil fishes of California in two 
papers in the University of California Publications in Geology. 
The earliest described forms are rare cestraciont sharks from the 
Triassic of California and Nevada. Rare remains of sharks, and 
scales of the more modern teleost or bony fishes, occur in the Creta- 
ceous. A few imperfect fishes have been obtained in the fresh-water 
Eocene of the John Day region of Oregon, and at Elko, Nevada. 
In the marine Eocene of the Pacific Province scattered teeth of 
sharks appear with fragmentary material of the higher fishes. 
From the Oligocene scattered remains are known, but no satisfactory 
collection is available. The most important fish fauna of the 
western region is known from the marine Miocene occurring along a 
large part of the west coast. As yet no satisfactory collection of this 
Miocene fauna has been brought together. The Miocene fish 
fauna includes numerous types of sharks and skates, with forms like 
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the herring and mackerel. Other groups of the higher fishes are 
known by many scattered bones and a few fairly preserved skeletons. 
In the Pliocene and Pleistocene many fish bones have been obtained, 
but the faunas as a whole are very imperfectly known. 

As yet the Amphibia are known from the western region only by 
the remains of a peculiar toad recently described from the asphalt 
deposits of Rancho La Brea. 

Reptites.—The study of the great groups of extinct reptiles, 
constituting so important a portion of the palaeontologic story of 
the earth, has been limited in the western region to the history of 
certain marine reptiles of the Triassic period, representing the first 
of the three divisions of the age of reptiles. 

In the Lower Triassic, vertebrates are known only by remains of 
primitive fishes. Middle Triassic beds are exposed both in Nevada 
and in northern California, but vertebrate remains are described 
only from the limestones of western Nevada. In the West Hum- 
boldt Range near Lovelocks, Nevada, marvelously preserved skele- 
tons of Middle Triassic ichthyosaurs or fish-lizards have been found, 
associated with rare remains of another marine reptile group as yet 
only imperfectly known. Several ichthyosaur specimens from this 
region are now on exhibition at the University of California. The 
material is sufficiently complete to permit a tentative reconstruction 
shown in Plate X. 

In the Upper Triassic limestones, reptilian remains are also well 
represented, but are known only from the exposures in northern 
California. Bones have been found representing the ichthyosaurs 
and another marine group, the thalattosaurs, peculiar to California. 
While numerous fragments have been obtained from these deposits, 
the skeletons are nearly all imperfect and do not show the wonderful 
preservation of the Middle Triassic specimens from Nevada. 

The history of the ichthyosaurs represented in the Middle and 
Upper Triassic of the western region furnishes one of the most 
interesting studies of evolution thus far known in the story of this 
group. The Middle Triassic forms are much more primitive in 
every respect than those of the Jurassic, and show less advanced 
specialization of the limbs, tail, eyes, and teeth for life on the high 
seas. The Upper Triassic types are also relatively primitive, but 
are intermediate between the Middle Triassic and the Jurassic 
Stages of evolution. 

It is worthy of note that of all the multitude of kinds of marine 
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reptiles known to have lived elsewhere on the earth in the Jurassic 
and Cretaceous periods, that is, in the second and third of the three 
divisions of the great age of reptiles, only two or three indeterminate 
fragments have been found in the extensive exposures of rocks of 
these periods in the Pacific Coast and Great Basin regions. One 
specimen from the Cretaceous of California is doubtfully considered 
to represent a plesiosaur, a long-necked reptile very abundant in the 
seas of the world in Cretaceous time. 

Birps.—Fossil remains of birds are among the most uncommon 
of the relics preserved in the rocks, and can be expected in relatively 
few localities. In the western region remains of bird bones have 
been found in several formations. Dr. L. H. Miller has summarized 
all of our information on the distribution and history of this group 
in a paper in the University of California Publications in Geology. 

No birds are known from the western region in beds older than 
the Oligocene, from which a single bone has been obtained at Van- 
couver Island, British Columbia. In the Miocene several fragments 
are known from Nevada, from the Mohave Desert of California, and 
one from marine deposits at Los Angeles. In the Pliocene the 
materials is similarly scanty and imperfect. 

The Pleistocene bird fauna of the West is exceptionally rich, 
exceeding in quantity of material that of all other regions of America. 
This fauna is known from the deposits of Fossil Lake, Oregon; 
Potter Creek Cave, Samwel Cave, and Hawver Cave of California; 
Rancho La Brea, California; and the marine Pleistocene of San 
Pedro. By far the most abundant remains are those obtained at 
Rancho La Brea. From this locality thousands of perfectly pre- 
served specimens have been secured. 

The Pleistocene fauna as described by Dr. Miller contains a large 
percentage of extinct species, some of which belong to genera no 
longer in existence. A number of the forms, as the peacock-like 
species, Pavo californicus, of Rancho La Brea have relationships 
with Old World types. 

Probably the most interesting of all the Pleistocene birds recently 
described is the giant Teratornis, a form with a skull somewhat like 
that of the condor, but with a narrow beak of the eagle type. It 
reached gigantic size and was evidently larger than the great Cali- 
fornia condor. Remains of Teratornis occur in portions of the 
deposit at Rancho La Brea which seem to have formed relatively 
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late, and it is not impossible that this creature lived on into the 
present period, and was known to early man of this region. Condors 
and eagles of numerous species were represented, among them the 
existing California condor and a number of extinct eagles. 

Tue History or Mammars.—Remains of extinct mammals are 
found in considerable abundance in the Cenozoic fresh-water and 
land-laid formations of the bad-lands regions in the Great Basin 
Province. In the Pacific Coast Province mammals have until 
recently been known sparingly excepting in the deposits of the 
latest period, the Pleistocene. The occurrences of greatest im- 
portance in the Basin Province are the John Day, Crooked River, 
and Fossil Lake beds of eastern Oregon; the Washtunca Pleistocene 
of eastern Washington; the Virgin Valley, Thousand Creek, Cedar 
Mountain, and Astor Pass localities of Nevada; and the Barstow, 
Ricardo, and Manix localities of the Mohave Desert in south- 
eastern California. West of the Sierra~Cascade range we find a few 
marine mammals in the great series of marine sediments, but the 
most important occurrences are the asphalt deposits of Rancho La 
Brea, and the Pleistocene caves of northern and middle California. 
Several mammal faunas in association with the marine series near 
Coalinga, California, furnish information of unusual significance 
in working out the problem of age determination of the West Coast 
faunas and formations. 

MamMatian Faunas or THE GREAT Basin Province.—Within 
the limits of the Great Basin Province the most important series of 
mammalian faunas is that in the John Day region of eastern Oregon. 
In this area the Cenozoic section from the base upward comprises the 
Clarno Eocene, John Day Oligocene, Lower Miocene Columbia lava 
- flows, Mascall Middle Miocene, Rattlesnake Pliocene, and terrace 
deposits of the Pleistocene. All of these formations, excepting the 
lavas, contain remains representing the extinct life of this region. 
The Eocene has an abundant flora but contains no remains of mam- 
mals. Mammal remains are found in all of the formations above the 
Eocene. 

The mammal fauna of the John Day Oligocene includes a little 
more than one hundred species, of which an unusually large number 
of forms belong to the cat and dog groups. Of the dog family there 
are at least 18 species distributed among 9 genera. Of the cats 
there are at least 10 species, representing 4 or 5 genera referred to 
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the sabre-tooth group. Numerous primitive horses belong to the 
genus Miohippus. Khinoceroses are represented by the two-horned 
Diceratherium and the hornless Aceratherium. The gigantic pig-like 
Elotherium is known by a number of fine specimens. Smaller pigs 
of the peccary type are not uncommon. The most abundant re- 
mains in all of this fauna are those belonging in several genera of the 
characteristic even-toed ungulates, the oreodons. Primitive camels 
are well known, especially in the upper portion of the series. 

The fauna of the Mascall Middle Miocene is less satisfactorily 
known than that of the John Day, and contains a considerable 
variety of horses belonging in at least three genera, of which the 
three-toed Merychippus is the most common and characteristic 
type. The camels are much larger and more specialized forms than 
those of the John Day. The members of the cat and dog families 
are all different from those of the John Day. 

The Rattlesnake Pliocene fauna is imperfectly known. It con- 
tains horses of the Neohipparion and Phiohippus groups, approaching 
in many respects the type of structure in modern horses. There 
is also a very large camel, a rhinoceros, and a large peccary. 

The Pleistocene fauna of the John Day is not well known, but 
contains the remains of elephants of a very modern type. 

On the northern border of the Nevada region are two important 
series of mammal beds known as the Virgin Valley and Thousand 
Creek formations. The former contains a fauna like that of the 
Middle Miocene Mascall of the John Day region. The fauna of the 
Thousand Creek beds is entirely different from that of the Virgin 
Valley formation and most closely resembles the Pliocene life of the 
John Day region. In the Thousand Creek fauna are a number of 
peculiar types not previously known in America, including certain 
twisted-horned antelopes which in many respects resemble some of 
the living African forms, and correspond approximately in the type 
of their horns to certain widely distributed antelopes of the late 
Miocene and early Pliocene of Europe and Asia. 

Next to the John Day region of eastern Oregon the most im- 
portant succession of mammalian faunas in the Great Basin Prov- 
ince is found in the Mohave Desert. At least three faunas are 
known in the bad-land deposits of this region. 

The oldest mammal-bearing beds of the Mohave Desert are the 
extensive deposits of the Barstow formation near the town of Bar- 
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stow. This fauna represents an Upper Miocene stage not known 
elsewhere in the region west of the Wasatch. The Barstow fauna 
includes about thirty species among which the most common forms 
are three-toed horses of the Merychippus type, camels of two groups, 
primitive deer-antelope, four-tusked mastodons, dogs of the heavy- 
jawed Aelurodon type, and large tortoises. 

A second faunal stage, evidently occurring in a second geologic 
formation of the Mohave Desert, appears in the splendid exposures 
at Ricardo on the western side of the El Paso Range, and facing the 
foot of the Sierras. The Ricardo fauna contains mammalian types 
of the same groups as those represented at Barstow, but many of the 
genera and nearly all of the species are different and of more special- 
ized stages. ‘The Ricardo fauna is most closely related to that of the 
Lower Pliocene. It contains several forms, especially the horses 
of the Hipparion group, which closely resemble species found in 
fossil beds of the Old World. 

A third fauna of the Mohave is found in the Pleistocene of Manix 
Lake, near Manix station on the Salt Lake Railway in the eastern 
part of the desert. The mammalian remains at this locality are 
scattered and fragmentary, but represent the most satisfactory 
assemblage of Pleistocene forms known in the Mohave Desert area. 
They include two horses of the genus Equus, two extinct camels, a 
proboscidean, an antelope, and several birds. A number of fresh- 
water molluscs are also found here. 

Faunas OF PLEISTOCENE Caves.—A number of important dis- 
coveries of rich mammal-bearing Pleistocene deposits have been 
made in caverns situated in the limestone regions of the mountains 
of northern and eastern California. ‘The faunas obtained in these 
caves have contributed much to our understanding of the history 
of mammalian life on the Pacific Coast. 

Potter Creek Cave, in Shasta County, furnished a fauna com- 
prising more than fifty species, of which approximately one-half are 
extinct. Included in this fauna are the great bear 4rctotherium, a 
bear of more modern type related to the black bear, a puma, a large 
extinct lion, an extinct wolf, and fragmentary material representing 
the deer, mountain goat, ground sloth, bison, camel, mastodon, ele- 
phant, extinct horse, and a goat-like animal known as Euceratherium. 
Samwel Cave, also in Shasta County, contained a fauna differing 
to some extent from that of Potter Creek Cave. The great bear is 
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absent, and there is present another peculiar goat-like animal known 
as Preptoceras. 

Hawver Cave near the town of Auburn, on the overland line of the 
Southern Pacific Railway, was discovered by the late Dr. J. C. 
Hawver, through whose interest much material of scientific value 
has been brought to light. The collections from this locality com- 
prise a number of extinct mammalian forms, but investigation of the 
fauna as a whole has not been completed. 

Rancuo La Brea.—The deposits of fossil skeletons in the Pleisto- 
cene asphalt beds of Rancho La Brea constitute one of the most 
interesting features in the history of life on the Pacific Coast. The 
unusual nature of the accumulation, the vast quantity of material, 
the marvelously perfect preservation, and the great variety of life 
represented all serve to mark this locality as one of the most impor- 
tant occurrences of remains of the life of a past period known in 
America. The site of the excavations is about seven miles from the 
middle of the city of Los Angeles and is within a stone’s throw of 
Wilshire Boulevard, a fine automobile road between Los Angeles 
and Santa Monica. The locality can be reached by automobile in 
twenty minutes from the central part of the city. 

The bones are found at Rancho La Brea in asphalt pits or chimneys 
which are the vents through which oil and gas have escaped from 
great reservoirs of oil located far below the surface. The geologic 
history of this region indicates that bending or breaking of the strata 
has permitted the oil and gas to escape. Since the first accumula- 
tion of the asphalt, there has been very frequent trapping of animals 
coming in contact with the sticky pools. Wherever oil is exuded 
at the present time we find birds, gophers, squirrels, dogs, and even 
cattle frequently entangled. This process has led to the accumula- 
tion of great quantities of remains of animals in times past. In 
many of the pits the bones are found massed and matted together in 
enormous numbers. Literally hundreds of thousands of specimens 
have been obtained from these deposits. The photograph shown on 
Plate XI illustrates a typical occurrence in one of the University 
of California excavations. The great number of specimens are 
shown in place, exactly as found. 

The representation of ancient life at Rancho La Brea comprises 
numerous species, the total number amounting to considerably more 
than one hundred forms. These include an extinct bison, an extinct 
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antelope, an elephant, a mastodon, extinct species of horse and 
camel, a sabre-tooth tiger, a giant cat closely related to the existing 
lion, great numbers of extinct wolves and coyotes, a gigantic bird 
with characters to some extent intermediate between the eagle and 
condor, many condors, vultures, owls, eagles, hawks, and a great 
variety of other birds and mammals. There are also remains of 
toads, and snakes, insects, thousand-legged worms, many leaves, 
and twigs of large plants, and even considerable parts of tree-trunks 
with the attached limbs. 

The bones are all as perfectly preserved as though buried within 
the past few years; they can be assembled in complete skeletons 
which may be multiplied to hundreds in the principal collections. 
Several of the animals represented in such abundance at Rancho La 
Brea were known only by rare or fragmentary material before the 
discovery of this deposit, so that the opportunity for study offered 
in the Rancho La Brea collection is unusual. 

The wonderful Rancho La Brea fauna obtained from the asphalt 
pits comes from deposits accumulated in the Pleistocene period, 
which preceded the present day by many thousands of years. As 
oil and asphalt are constantly being exuded from the soil in this 
region, it is natural that in some localities deposits of the present 
day, and stages between the present and Pleistocene, may be asso- 
ciated with the older deposits of Pleistocene time. 

Good specimens representing the principal animals of Rancho La 
Brea are to be seen at the Museum of History, Science and Art in 
Los Angeles, and at the University of California in Berkeley. 

PREHISTORIC Human Remains.—Among the most interesting 
west-American occurrences of actual human bones which have made 
some claim to antiquity are the famous Calaveras skull, certain 
stalagmite encrusted human bones from Stone Man Cave near Pot- 
ter Creek Cave in northern California, and the recently discovered 
human skeleton from Pit Ten at Rancho La Brea. The Calaveras 
skull is now generally held to have come from a cave deposit, in 
which it may have been entombed for many years. This widely 
known specimen, monographed by Professor Whitney, and ridiculed 
by Bret Harte in his well-known ode to a Pliocene Skull, is evi- 
dently not the skull that was placed in a mining shaft for thepurpose 
of perpetrating a joke on the miners. The remains in Stone Man 
Cave were covered with a considerable layer of stalagmite and may 
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be very old, but it is not possible to make certain of their age. The 
specimen found at Rancho La Brea was associated with a fauna 
which is mainly Recent. The peculiar nature of the occurrence in 
asphalt chimneys at Rancho La Brea makes difficult any definite 
determination of age from occurrence alone. 

In the San Francisco Bay region human remains are abundant in 
great shell-mounds at Shell Mound Park in Emeryville, and at 
Ellis Landing near Richmond. These mounds have been partially 
buried by gradual up-building of the surrounding marsh, coincident 
with a depression of the region which carried the bases of the mounds 
from an original position above the sea to a situation many feet 
below mean tide level. The remains in these mounds are certainly 
very old measured in terms of years, but they are very young 
geologically, and belong to the present or Recent period. 


SOME OBSERVATIONS ON CLOUD-BURSTS 


HILE engaged in field work in central Oregon during the 

\ \ summer of 1899, I was frequently warned against camping, 

and particularly against sleeping, in dry runs or narrow 
cafions, as sudden floods resulting from cloud-bursts were said to be 
not uncommon. I must confess, however, that during this season 
the descriptions of these phenomena which I heard seemed to me 
greatly exaggerated. During the following summer’s stay in that 
region I learned that, although the cloud-burst may be wrongly 
named, the reports concerning its destructive power had not been 
misrepresentations. 

On the afternoon of the 23rd of June, 1900, Mr. J. C. Sperry and I 
were working, without hats or coats, partly in the shade of a low 
cliff, when from a slightly clouded sky there began to fall what I 
might best denominate balls of water. The term drop would not 
sufficiently dignify them. One could hear them spat-spat on the 
ground or thump-thump on one’s head like little marbles. The sun 
was shining brightly, and, looking straight up into the sky, the 
myriads of little spheres presented a truly remarkable spectacle. 
So noticeable was it that nearly every person in the region, who saw 
the storm, noticed particularly the great height in the air at which 
the rain could be seen. Thinking that the shower would soon pass, 
we kept at work for some time, but soon heavy clouds swung across 
the sky and rain began to fall almost in torrents. During the next 
hour, while slowly picking our way along the slippery back-trail, 
we were exposed to one of the hardest rain-storms that I have ever 
seen. As is usually the case in such experiences, it cleared as soon 
as we reached camp. 

Some weeks later, we passed along the Dalles road, thirty or forty 
miles to the west of the point at which we had been caught in the 
storm, and found that on the afternoon of June 23rd this part of the 
country had been visited by a cloud-burst. As we entered the 
devastated region, evidences of the extraordinary activity of water 
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were encountered at every turn. Close to the tops of hills, where 
water would have no chance to accumulate, the grass was plastered 
as close to the ground as it would have been if a steam roller had 
passed over it. From the mouths of all the gulches, great streams 
and fans of large rocks were spread out over the flats, sometimes 
being carried for considerable distances across perfectly level ground. 
In one little valley, an alfalfa field a mile long was completely 
destroyed and a large part of the ground covered with gravel, making 
it useless for agricultural purposes. The storm was here accompa- 
nied by a heavy fall of hail-stones of enormous size. Some measured 
specimens showed a circumference of over six inches. In a grove 
of junipers, through which we passed, at least half of the small 
branches and twigs had been snipped off by the hail. The dimen- 
sions of the hail-stones I could easily understand when I remembered 
the remarkable size of the raindrops seen by us at the time this 
storm was in progress. 

In the storm of June 23rd, no lives were lost though much property 
was destroyed. On other occasions the results have been more 
disastrous. In 1884 a storm heading near Mitchell raised Bridge 
Creek so that it is said to have advanced down the valley as a 
cataract many feet in height. Half an hour after the first rush, the 
water had risen fifteen feet over the valley floor, and an hour later 
it was down at its original level. A young man, who as a boy was 
almost miraculously saved from the flood, stated to me that he 
remembered crossing the dry road as he ran away from the stream 
and being immediately afterward swept off his feet by the water 
coming behind him. From that time he knew nothing till about 
four hours later, when he was lying in the sage brush with his clothes 
torn and his hair full of sand. His deliverance he probably owes to 
a large dog which was with him as he ran for his life and which 
was standing by him when he regained consciousness. The boy 
and the dog lay all night in the sage brush and were found by a 
search party the next morning. Of four other members of the 
family who started with him only one escaped. His mother and 
two brothers, who were only a few yards behind him, were over- 
whelmed and carried away by the torrent. 

Again in 1896, in the same valley, the stream rose twelve feet at a 
jump, doing considerable damage to property. 

The old inhabitants think that the cloud-bursts of recent years 
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are caused by a change in the climate due to stripping the country 
of its grassy mantle by sheep. A few decades ago the region was 
covered by a heavy growth of bunch grass but now it is almost bare. 
This change, in a climate already none too moist, is certain in time 
to result in serious evil to the country, if it has not already begun 
to be felt as a modifier of climate. Whether or not there is any 
connection between the greater frequency of cloud-bursts in recent 
years and the increased tendency to dryness owing to the loss of the 
natural grassy covering, it is certain that some of the important 
requirements for such climatic conditions as usually obtain in 
regions frequented by cloud-bursts are being rapidly satisfied. 


RECREATIONAL, ECONOMIC, AND SCIENTIFIC 
VALUES OF WILD LIFE 


TRICTLY interpreted, the scientific, economic, and recreational 
values of wild life include every possible phase of usefulness 
of all living things which man has not brought into a stage of 

domestication. ‘These values divide themselves into the contribu- 
tions which wild plants and animals can make to our practical sub- 
sistence and bodily support and those which concern the use of un- 
modified or uncontaminated nature for the higher purposes of man 
expressed through recreation and appreciation. 

Scientifically, the world of wild life furnishes a great laboratory 
for study of an almost infinite variety of problems which touch all 
the fundamental questions regarding the nature of life—a field into 
which we have as yet had only the most imperfect view. The study 
of man himself and the comparative examination of domesticated 
animals and plants will always tend to furnish the major opportu- 
nities for investigation of life phenomena, but the range of pos- 
sibilities is always limited in many directions. So long as it remains 
desirable to continue our search for facts and interpretations of the 
physical or life characters of man and of the associated creatures 
and plants upon whom his life depends, for just so long a time will 
the unmodified remainder of the original life world in which we 
came into being serve as an asset of incalculable value. Upon the 
scientific understanding of this aspect of nature we may depend for 
much that is needed by biology and medicine to give us an under- 
standing of what that so-called element of health really is—for 
which many seek vainly through undirected or misdirected recrea- 
tion. 

The aggregate economic values to be found in wild life are enor- 
mous. I shall not make a point of calculating what the figures may 
mean in any present valuation of undomesticated wild flowers or 
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forests—of feathers, furs, or meat. One of the most important ques- 
tions to-day from the economic standpoint concerns the possibility 
of a continuing supply from the present source. Dealing with living 
things we need not assume that with a single harvesting the end is 
reached. With our wild life now making an economic contribution 
the great problem concerns conservation in the sense of such bet- 
ter utilization as will insure a continuing asset for the future. It 
is here that science, recognized as classified common sense, should be 
joined with the unclassified variety of the same thing in bringing 
us the facts as to what can and what can not be done to give us in 
perpetuity those economic assets which we may so readily eliminate 
completely. We should approach as nearly as conditions will per- 
mit to a full understanding of just what we possess, how we may use 
it to best economic advantage, and what the conditions are which 
must limit or control continuing possession. 

We do not begin to know what great potential economic value 
much of our wild life may possess. The larger number of our do- 
mesticated plants and animals are derived from the native stocks in 
that part of the Old World where the human family has lived long- 
est, and in which it has had the largest opportunity to form ac- 
quaintance with the life about it. We have reason to believe that a 
great number of the wild plants, and many wild animals, of regions 
only recently occupied by man may possess features of great im- 
portance to us. Scientific study as a common-sense investigation 
aimed to secure facts and interpret them should give us information 
about every phase of each type and each group of living organism, 
both alone and as a part of the total life community. Such a study 
gives us the material from which we can determine what may be 
useful and what is not helpful to us. 

There are some who have seemed to feel that certain animals and 
plants were foreordained to domestication for human use, while 
others can never serve us. Some state that so long as we have a 
group of plants and animals that furnish food and clothing it is 
easier to continue the development of what we have than to search 
in nature for something which may require milleniums of develop- 
ment before reaching a stage of availability equivalent to that at- 
tained in those already domesticated. ‘This would be true if every 
possible useful element of plant and animal life were known to be 
available in domesticated or cultivated species. But there is good 


2158 PUBLISHED PAPERS AND ADDRESSES 


reason to believe that the present selection which we command has 
been determined in considerable measure by the accident of man’s 
original location. Had we developed in some other portion of the 
world, the plants and animals now at our disposal under domesti- 
cation might represent quite different groups. 

If we could state definitely to-day what the scientific uses of wild 
life would be in the future, we might perhaps classify plants and 
animals into those that are useful, those which are tolerable, and 
those that are harmful. On the basis of such a classification we 
might properly initiate at once a campaign of protection for those 
that are useful and extermination of those that are harmful. But 
if there is anything that science makes more clear to us, it is that our 
present-day knowledge is distinctly and painfully limited in every 
direction. Wecan no more predict to-day the values to be derived 
from either the plant or the animal world in the next thousand years, 
than the average American Indian, who a thousand years or more 
ago daubed his implements and ornaments with asphalt, could have 
predicted the development from petroleum of the wonderful variety 
of brilliant dyes, or the great range of valued medicines, or the 
possibility which gasoline would offer for creation of the automobile 
and the airplane. 

It is, therefore, of the utmost importance that as the wave of so- 
called civilizing influence sweeps across the world, laying in waste a 
large part of the great realm of our natural resources, we protect 
for future examination some of the marvelous wealth of the life 
of the world which the infinite wisdom of the Creator has prepared 
for us through hundreds of millions of years of evolution. 

The insignificant areas of various types of plant associations 
which the botanist, the forester, and the ecologist desire to have set 
aside for future enjoyment and study, are pitifully small as com- 
pared with the enormous space in the public domain which will be 
brought under cultivation within the next century. It is of the 
utmost importance that we select from these regions areas represent- 
ing every type of plant and animal life which may be set aside for 
preservation, protection, and for intensive scientific study—such 
tracts as guarantee by their size and location the possibility of con- 
tinuing uncontaminated areas for at least one thousand years in the 
future. 

Let us also bear in mind that nature without our aid has pro- 
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duced a vast variety of living types that now people the earth. It 
is to be assumed that man in his intellectual advance will not only 
select the types which he most needs for his own purpose, but that 
with advancing knowledge he will make such acquaintance with the 
laws of nature that the principles which have made possible the 
growth and evolution of life may be turned to his advantage—and 
used for the rapid development of new types peculiarly adapted to 
his growing needs. It will, however, be presumption on the part 
of man to assume that with his developing wisdom he has yet 
reached a stage at which it is wise to assume that the laws and 
methods of operation used by the Creator in making the living 
world may at once be set aside for man-made methods. Is it not 
better that the human hand which rests so heavily upon nature be 
used in some measure for protection, rather than for contamination 
and destruction, and that nature be left at least some small oppor- 
tunity to do its continuing work, as it has been done through the 
ages before we came upon the scene? 

The recreational values derived from contact with the living as- 
pect of nature concerns that wide range of health-giving and life- 
stimulating activities ranging from the zest and joy in the game 
of the hunter, whether he be armed with gun, camera or butterfly 
net, to the aesthetic appreciation of the artist or the glorious recog- 
nition of the plan of creation by the scientist and philosopher. 
Such recreation never stands as an end or purpose in itself. It 
represents rather that enjoyment of life which is a natural and in- 
dispensable part of living. It should so far as possible be a part ot 
everyday life and serve as an element in continuing growth or 
rejuvenation. 

Whether consciously or not it brings with it an inevitable appre- 
ciation of the fundamental elements from which arise the larger 
vision of art, philosophy, and straight thinking. It always touches 
those deeper problems which frame the foundations of our faith, 
and make the only firm basis of feeling and judgment upon which 
dependable citizenship can rest. 

No one may deny the charm of nature without life. As a poet 
has said, ““The desert may be a place for weary souls to rest”; but 
the full value of nature and out-of-doors is realized only in com- 
pleteness when the background of the landscape shows us a picture 
of the forest, the meadow, plant and animal life in all its various 
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forms, with the stimulus which comes through contact with living 
things. 

It is not my purpose to discuss in detail the meaning of the beauty 
or stimulus that comes from contemplation or closer study of either 
the plant or the animal world, nor is it my intention to discuss the 
great range of splendid recreational opportunities. These are joys 
which appeal to you individually in their various aspects in different 
ways. It is rather my desire to emphasize in general terms the 
meaning of the whole setting for the development of opportunity for 
healthy living and high thinking. 

We need now a recreational policy that will promote the bodily, 
mental, and spiritual health of all the people, by opening the largest 
opportunity for use, knowledge, and appreciation of the world about 
us in its most attractive forms. Let us turn to sane enjoyment and 
utilization of the best that nature in its vast aeons of preparation 
has made ready for our use. Life is worth what we derive from 1t— 
no more and no less. 

There may be differences of opinion as to how the full advantages 
of a national recreational policy are to be developed from the general- 
ization stage to the particular application. When the problem ts 
complicated there are naturally many views. 

From my acquaintance with scientific men and lovers of nature 
there seems no doubt that as William Cullen Bryant says, ““To him 
who in the love of nature holds communion with her visible forms 
she speaks a various language.”” Iam also made quite sure through 
the same lines, that for all of us she has the “smile and eloquence 
of beauty” and that even in the times of “‘darker musings her mild 
and gentle sympathy will steal away the sharpness ere we are 
aware.” 

I am quite certain that through this great conference under the 
guidance of the President and the committee of distinguished assist- 
ants whom he has appointed, there will be laid down such plans for 
action as will realize for the whole people the means for better utili- 
zation of the great heritage of life which we of this country still 
have in large measure remaining. And in the plans for use and 
protection of other living things, I am sure we shall be only sup- 
porting that higher aim of conservation and better utilization of the 
health and joy of life and ideals of the people, from which come the 
strength and the soul of the country. 


DEDICATION ADDRESS, FRANKLIN K. LANE 
REDWOOD GROVE 


HE large group of citizens supporting the aims of the Save 

the Redwoods League recognize the redwood forests of 

California as one of our most valuable possessions and de- 
sire to secure for them the highest possible use. This movement 
has naturally directed itself toward several principal objectives 
covering the present and future value of the forests for a wide vari- 
ety of economic, recreational and aesthetic purposes. 

Initiation of the plan to save certain portions of the forest in 
their primeval state made necessary a kind of conservation or 
fullest utilization effort different from that generally characteristic 
of such programs in the west. No part of the area considered 
was the property of the Government and the region could not be 
set aside for community purposes merely by resolution of any 
legislature. From the beginning it has been necessary not only 
to determine what the present and future needs of the community 
may be, but to recognize as well that every acre of timber available 
is the property of individuals and of corporate interests naturally 
concerned with its commercial use. The study of this situation 
has, therefore, involved a large group of factors, and required ex- 
tremely careful examination in order to find the means for fair and 
satisfactory adjustment. 

In development of its plans the Save the Redwoods League con- 
sidered it extremely important to secure the best advice of those 
acquainted with all the interests of the community. It was after 
such careful discussion of our needs that Franklin K. Lane was 
asked to be President. He consented and became the chief officer 
and an active adviser in developing the plans of the League. 

It is by reason of the great service performed in the interest of 
this organization and of the whole country that friends of Mr. Lane 
planned to perpetuate the influence of his work through presenting 
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to the state as a memorial one of the finest units of this rapidly 
developing park system. 

Recognizing that no program such as has been proposed for 
preservation and utilization of this portion of the forest can be ex- 
pected to serve indefinitely without continuing support, the League 
set out to secure funds needed to place this grove as nearly as possible 
in the state of nature, and to keep the camping area in condition 
to give largest opportunity for enjoyment on the part of visi- 
tors. It was the purpose to make this memorial as nearly as pos- 
sible a pattern for future development of such portions of these 
forests as may be secured for public purposes. It was desired that 
this become a point of radiation for the kind of influence in this 
movement for highest utilization typified by the man in whose 
honor we are assembled. 

In dedicating this grove to the memory of Franklin K. Lane and 
to the promise of his continuing service through such a living 
memorial, we are carrying into the vital personalities of these great 
trees some portion of the influence which he has exerted upon us. 
Added to the dignity and nobility with which nature endowed 
them, there come now to these members of the forest the honor and 
responsibility of carrying into coming centuries an expression of 
the meaning and power of an outstanding human life. We have 
faith both in the trees and in the generations of men following us 
that what is established here today will continue through time 
into which as yet our vision fails to reach. 

Even the utmost limit of human expression does not enable us 
to convey a message which will attain conscious recognition by 
this forest; but the evidence of what the trees are now and what 
they have been permits us to voice to others, if not to them, a 
confidence that our belief in their continuing service will be amply 
justified. Combining beauty with majesty, they stand before us 
the most venerable of living things. Here they have waited for 
centuries, representing a race which counts its generations back 
through years beyond our understanding. Before our mountains 
were born, and in ages when the sea still strove to hold the land on 
which we are gathered, the ancestral forests from which our Red- 
woods have sprung spread across the world, clothing hills and val- 
leys much as we find them here today. In this vast period crea- 
tion was giving to these trees a strength and dignity and grace 
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expressed in form and feature such that when we see them now 
there is lighted in us the desire to mould our lives to match their 
standards. And so we know that the habit of their living, fixed 
in past aeons, will continue, and the members of this grove, stand- 
ing in solemn quietness will serve that noble purpose for which 
they are chosen. 

We can express our faith also that in the generations of mankind 
to follow us the objects of the ceremony today will be continued 
with strengthening purpose to assure the highest use in which this 
grove may serve, and to keep fresh the memory of the man whom 
we are here to honor. 

The movement for saving of the Redwoods, with which the dedi- 
cation of this memorial is linked, has received such support as has 
rarely been given to any program of this nature. The purposes 
involved in the plan have extended themselves from the securing 
and protecting of limited tracts of forest to consideration of ques- 
tions which concern the continuing growth of timber for future 
generations. They have touched even the most fundamental 
consideration of little known technical and scientific problems 
which must be settled before fullest realization of commercial 
values in reforestation and in forest protection can be attained. 

But with such vision as has been shown by those supporting the 
movement, and with the wholehearted support which has been 
furnished by every interest touching the work, we must realize 
that attainment of the objectives is only beginning. We are just 
now coming to understand the needs of state and nation which 
should be met by setting aside of forests for future recreational, 
scientific and aesthetic purposes; the needs of the lumberman for 
study of reforestation open an attractive and important field for 
future effort; and requirements of the community for a knowledge 
of ways in which the products of trees may be most useful furnish 
wide opportunity for application of the highest knowledge and 
skill. 

The success of the program aimed to secure wisest use of this 
great asset of the country depends ultimately upon interest and 
support of those who recognize our responsibilities to the future 
as well as to the present—who see that in development of the 
people of which we are a part there is now, as in every other age, 
much that should be done today and not tomorrow—much that if 
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not done today shuts out forever great possibilities of further 
progress. 

We may not forget that in a true democracy the duty of citizen- 
ship extends beyond relations between members of a community 
at any given time. It involves a definite accountability to the 
past out of which we grew for all that the Creator and our ancestry 
have prepared for us in materials and in the power touse them. It 
includes the obligations to those arising from us and building on 
what will be their heritage. 

It is both the privilege and the duty of each generation to ex- 
perience that joy which only the living of its own natural life can 
give. But no such pleasure is complete if based on the assumption 
that any generation lives for itself alone. A wide reach of oppor- 
tunity for accomplishment is open to those who see that, small 
though their part may be, they have a place in that progressive 
movement of the world in which present links itself to past and 
future; who with an attitude of humility toward the power which 
moves the universe experience the joy of knowing that the heritage 
which they pass on is not less than what they have received. 

In attempting to realize his ideals of democracy Franklin K. 
Lane based a vigorous and constructive life upon an understanding 
of the principles which experience of the past has formulated for 
us. He recognized the right of equal opportunity for all, both for 
those of the living present and those who follow us and he paved 
the way for betterment in the many fields of national interest which 
he entered. So the memorial dedicated today will honor him as 
a continuing living force exerted day by day and year by year upon 
the lives of those who come to know the message which these trees 
will carry. 


THE RESPONSIBILITY OF FEDERAL AND STATE 
GOVERNMENTS FOR RECREATION 


UR present government is in a sense a fortunate compromise 
between two schools of thought: on one hand centraliza- 
tion of power or federalization, on the other hand maxi- 

mum spreading of responsibility to individual or local agencies. 
Government of intelligent citizens will of necessity always represent 
an arrangement balancing that which the individual concedes to 
the community, in order to secure advantages of united effort, 
against what he considers the requirement for that freedom of 
action without which his individuality vanishes. 

The same formulation of thought which has placed relatively 
large political power in the hands of distributed units, as cities and 
states, has moved to fix limitations on economic control. We have 
now a fairly clear idea that with enormously increasing bulk and 
complication of machinery of civilization it is unwise to centralize 
direction of government for more items than absolutely require 
such handling. 

At present two widely separated stages of social machinery, 
namely, the Federal Government and the Municipality, are rela- 
tively strong. In many respect the State has received compara- 
tively little attention as to its political, economic and other func- 
tions compared with the objectives and machinery of the City 
and the Federal Government. In no particular is this disparity 
greater than in consideration of recreation and recreational facili- 
ties, especially as represented through opportunities afforded by 
parks. A fundamental study of this question in all its aspects is 
needed, with assistance of experts in fields ranging from political 
problems to spiritual welfare in its relation to citizenship. 

There are probably few aspects of normal life more distinctly 
personal than recreation. The value and need of such activity, 
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controlled as it is by a great variety of factors, is dependent upon 
the purely individual equation. 

Recreation as understood in this discussion is not easy to define. 
It is probably best to consider that it represents outdoor recreation 
for the purpose of rest, and of both physical and spiritual exercise 
of the type that builds and strengthens. 

Recreational possibilities are typically of local rather than gen- 
eral nature. Exception may occur where an unusual opportunity 
is offered that is of limited extent. 

It is generally recognized that cities have obligation to provide 
appropriate spaces for outdoor exercise and refreshment of the 
highest type. City parks are today our most highly developed 
agencies of this character. 

States are also developing areas offering possibility of recreation 
and growth. These State parks, more readily than city parks, 
can express that important quality of magnitude making possible 
solitude, which is so important a factor in rest and recreation. 
It is now becoming the fashion for cities to secure tracts of land 
in remote regions, thus reaching out to overlap one function of the 
state. A certain extent of overlap of this nature may be desirable. 
Perhaps ultimately city political organization or government will 
reach over to touch federal government, leaving little room for 
states between. Though cities seem to show more evidence of 
natural unity than states, I do not believe that this will be the case. 
Rather do I expect to see states increase the strength of their posi- 
tion and expand the larger recreational areas so as to meet needs of 
all the people, including city dwellers. 

While there was wilderness to spare in this country attention was 
not drawn to the necessity of providing that opportunity for out- 
door life and recreation which has contributed so much toward for- 
mulating our ideas of freedom in things political and spiritual. 
Now that population increases and the wilderness is absorbed, we 
naturally consider provisions for this feature of normal life. 

Responsibilities of the Federal Government for contribution to 
meet needs of the people for outdoor recreation are assumed at 
present mainly through two agencies, National Parks and National 
Forests. 

National Parks have been established thus far almost entirely 
from public domain. They have protected for use of the people 
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areas containing exceptional natural features with sufficient sur- 
rounding territory to preserve their primitive character unim- 
paired. The purpose of use and enjoyment in the highest recrea- 
tional sense has been prominent in definition of their function. 
The element of magnitude, such as permits undisturbed apprecia- 
tion of these wonders, has been clearly recognized in fixing wide 
boundaries. 

National Forests were set aside by reason of their economic 
value. They are administered with a view to giving maximum 
contribution in many uses possible along with realization of intrin- 
sic values in the forests represented. Correlated with administra- 
tion of the great National Forest areas for economic purposes of 
many kinds, there has naturally developed the effort to make these 
regions useful for recreational purposes. This opportunity presents 
one of the most important possible means of meeting extensive 
recreational requirements. Such administration of National For- 
ests will doubtless be supplemented in time by similar use of other 
large areas of forest lands, publicly or privately owned, which may 
have great recreational value if held under proper restrictions. 

The recreational uses of national forest and national park reserva- 
tions will naturally tend to run parallel in some respects. In the 
case of the forests, the areas will be kept protected first because of 
economic value. In the case of the parks, general recreational, 
educational, and ethetic uses have furnished the reason for exist- 
ence: 

The National Parks are commonly considered essentially de- 
signed for recreation, and this must of course be one of their major 
functions. At the time the first national park was created large 
spaces were available for purely recreation purposes elsewhere, 
but these were not given special protection as was the area con- 
verted into a national park. The recreational use for which these 
parks serve is secured under conditions particularly favorable to 
education and growth of mind and spirit as well as of body. 

The ideal which has made a weekly day of rest hold a place in 
America has supported the better recreational phase of our life, 
not merely as a time to abstain from labor, but as one for physical 
and spiritual reinvigoration. We are coming to learn that life is 
worse than useless if it does nothing more than connect a chain of 
circumstances permitting its continued existence in the physical 
sense without mental or spiritual values. 
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The shorter catechism states that man’s chief end is to ‘“‘Glorify 
God and enjoy him forever.” I always read it “enjoy it forever.”’ 
In the state of lowa, from which I came, we learned early that it is 
not the chief end of man to raise more corn to feed more hogs to 
make more bacon to feed more people to raise more children to 
plant more corn—or any other similar cycle; but that it is part of 
man’s normal life to appreciate as well as to use what he finds 
about him. The multitude of colleges in Iowa is evidence that this 
discovery was made. 

Under guidance of recent administrations, National Parks have 
developed steadily in the direction of educational influence through 
use of the unsurpassed illustrations of natural phenomena, which 
were the features that really brought about their creation as sepa- 
rate establishments under the government. 

As I have given something more than forty years to study of 
special problems such as the parks interpret, and have lived thirty 
of those years among the parks, I have some confidence in saying 
that for many purposes their purely educational value is far beyond 
that of any regularly established, formal educational institutions. 
Among the most important features are those which concern the 
nature of the earth—the manner of its building—the forces which 
have come into play—the meaning of the almost limitless history 
of earth-making as it is pictured before us. David said, in viewing 
the works of nature, ““The heavens declare the glory of God, and 
the firmament showeth his handiwork.”” This work of the Crea- 
tor’s hand presents itself here in such a way that all may compre- 
hend. Here is found also much that represents the unmodified 
primitive life of the world, both plant and animal, remaining just 
as the Creator moulded it over the mountains and valleys. Nature 
is said to be an open book to those who really wish to read it, but 
there are grades and shades of meaning which may be hard to 
understand. ‘There is certainly no place where the leaves are more 
widely spread or the print more clear than in these portions of the 
book. | 

With all that has been done by geologists and other scientific 
men, by central administration of the government, and by officials 
concerned with immediate administration of National Parks, we 
have only begun to convey the really great lessons to the multitude. 
Science needs itself to know more fully what the story is, and then 
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simplification and clarification must help to carry the great essen- 
tials over, so that the casual visitor may read and may interpret 
without depending upon the word of another. To attain such 
clearness of expression is to stand upon the highest plane of educa- 
tion. For many objectives this level can nowhere be reached so 
easily as in the National Parks. There are not in America other 
places where, for these purposes, comparable possibilities for effec- 
tive adult education concerning nature can be found, with the 
grandest products of creation themselves as teachers. For util- 
ization of this opportunity we need support adequate to prepare 
for most effective use. In such a super-university professors would 
be only guides and not instructors, but there should be a faculty 
chosen from leaders in thought and appreciation, a group of men 
who, standing in the vivid presence of the Creator, would serve to 
point out the road. | 

But the parks may not be pictured solely in a setting of science 
as it is commonly known. In ways we can define only imperfectly 
they express peculiar elements of beauty and grandeur which lie 
beyond the realm of formally associated facts and logic. Partly 
does this attractiveness reside in that which stirs emotions through 
influence of esthetic and artistic values, partly it is recognition of 
sublimity in the power and order behind nature. 

I remember standing last summer facing the great mountain 
range at Glacier Park, thrilled with the living charm of forest and 
meadow and the cold brilliance of snow-field and glacier. But 
behind the splendor of this mantle over nature there was clear 
revelation of the movement of creation—shown in the body of 
the range which had been lifted and thrust forward many miles 
above the level of the plain on which I stood. This act of building 
was the source of glory in the mountain. The overwhelming bulk 
and strength of cliff, with appeal of lake and glacier, represented 
only residual evidences of power exerted in this great work. And 
the garment lost nothing of its beauty through knowing of the 
majesty it clothed. 

While the National Parks serve in an important sense as recrea- 
tion areas, their primary uses extend far into that more funda- 
mental education which concerns real appreciation of nature. 
Here beauty in its truest sense receives expression and exerts its 
influence along with recreation and formal education. To me the 
parks are not merely places to rest and exercise and learn. They 
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are regions where one looks through the veil to meet the realities of 
nature and of the unfathomable power behind it. 

I can not say what worship really is—nor am I sure that others 
will do better—but often in the parks, I remember Bryant’s lines, 
“Oh, why should we, in the world’s riper years, neglect God’s 
ancient sanctuaries, and adore only among the crowd, and under 
roofs that our frail hands have raised?” National Parks represent 
opportunities for worship in which one comes to understand more 
fully certain of the attributes of nature and its Creator. They are 
not objects to be worshipped, but they are altars over which we 
may worship. 

I have said that National Parks hold their place as areas for 
recreation and education; that unlike National Forests their pro- 
tection is not supported by economic value. Today one of the 
questions of most critical importance in consideration of National 
Park policy concerns what is known as “complete conservation,” 
or protection with all natural features unimpaired. In my judg- 
ment, not alone recreation as commonly interpreted—not even 
education in its routine aspect—can guarantee unbroken mainte- 
nance of primitive conditions in National Parks if great economic 
resources are involved, since both recreation and education have 
been made to operate along with economic use. But a function of 
such importance as to insure complete protection is, I believe, given 
in abundant measure through the higher educational and spiritual 
values, which offer the greatest and most noble uses to which any 
possession may be put. 

It is necessary that in all cases the problem of preservation of 
park areas be viewed from every possible side. Every known need 
must be examined, and final decisions must be made in accordance 
with the most fundamental requirements. We need never hesitate 
to submit a good case for judgment. In recent study of possibil- 
ities for saving outstanding groves of redwood forest on the Pacific 
Coast initial discussion of the project found all of the timber areas 
involved already in private ownership and marked for use in 1m- 
portant economic operations. Consideration of the higher uses 
for these groves has brought about a situation in which the need 
for setting aside the finest regions for these purposes has been unt- 
versally recognized, and the industries concerned have aided in 
working out a plan by which the desired areas may be protected. 

The Federal Government we see then as responsible for preserva- 
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tion and administration of National Park areas unequivocally 
unique and of national importance for the higher purposes. So 
far as they can be used advantageously, the Federal Government 
also carries responsibility of administration for accessory recrea- 
tional and educational purposes of those public lands held primarily 
for economic use, as in National Forests and other reservations. 

States and municipalities will meet a very large part of the gen- 
eral need for recreation, partly by lands dedicated to that purpose 
alone, and partly by areas to some extent in economic use. Loca- 
tion of these lands of states and cities will be planned carefully 
with relation to all economic requirements, in order that they may 
serve their purpose most fully and with least interference in caring 
for other vital needs. 

In this discussion the utilization of recreational areas such as 
those included in State Parks and Municipal Parks for educational 
and other purposes has not been given special attention, although 
the values represented in these directions are very great. Dis- 
cussion of the specific problem of State Parks in relation on the one 
hand to Federal reservations and on the other hand to Municipal 
Parks is to be considered by another speaker in the program of 
this Conference. 


INSPIRATION AND EDUCATION IN 
NATIONAL PARKS 


HE need of education is never met merely in accumulation 

of facts. In some of its most important aspects education 

is essentially inspirational. It is through this form of ex- 
pression that it exerts the largest influence in stimulation to con- 
structive thought and in forming of ideals. Inspiration can develop 
in the lowliest types of effort. A bricklayer may take such pride 
in learning to lay a wall that his work becomes artistic. In general 
it is from great or outstanding sources of influence that inspira- 
tional education arises. 

Human interest in natural phenomena, whether from the point 
of view of the lover of nature, the investigator, the teacher, or the 
preacher is of real significance only when the individual is brought 
face to face with reality, and forms his judgments on the basis of 
observation. Great teachers sometimes utilize the most common- 
place materials in such a manner that the message carries without 
possibility of misunderstanding. Similar effects may be produced 
by great expressions of nature which explain themselves by strik- 
ing contrasts or aspects so unusual as to make their interpretation 
unavoidable. 

Recent study of means by which the average intelligent person 
may increase appreciation of nature has indicated the importance 
of great opportunities for self-teaching. In the field which touches 
natural features of the earth, we discover that a tremendous in- 
fluence can be exerted by adequate utilization of such resources as 
Niagara, the Grand Canyon, or the Yosemite. Inthe presence of 
these extraordinary aspects of nature, it is possible to widen and 
deepen our knowledge in such a way that the enlargement of 
thought or mental vision becomes a permanent condition, making 
possible fuller understanding of many things which might otherwise 
seem less striking. 

The Advisory Board on Educational and Inspirational Uses of 
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National Parks was established for the purpose of securing the best 
judgment possible from leaders of thought in education, science, 
and study of inspirational values in Nature. It was intended that 
through this body careful examination be made of fundamental 
questions in education and research which have bearing upon the 
great problems presented by National Parks. It is recognized that 
many important approaches are now being made to the study of 
these questions. The program of the National Parks Service, and 
that of many cooperating institutions, has been directed toward 
development of adequate means for meeting public needs and for 
using the enormous assets of these parks to greatest advantage. 
The work of this Advisory Board must be considered as only sup- 
plemental to other efforts, but it will be directed more specifically 
toward examination of the basic questions relating to general edu- 
cational policy as it concerns the public interests of America. 

In consideration of the value of National Parks as outstanding 
opportunities for inspirational and educational work, I have al- 
ready discussed certain phases of the subject in an earlier number 
of the National Parks Bulletin. There is perhaps reason for 
quoting this statement here, rather than to present the problem in 
another form. | 

“For many purposes the purely educational value of our National 
Parks is far beyond that of any regularly-established formal edu- 
cational institutions. Among the most important features are 
those which concern the nature of the earth—the manner of its 
building—the forces which have come into play—the meaning of 
the almost limitless history of earth-making as it is pictured before 
us. The work of the Creator’s hand presents itself here in such a 
way that all may comprehend. Here is found also much that re- 
presents the unmodified primitive life of the world, both plant and 
animal, remaining just as it was moulded over the mountains and 
valleys. Nature is said to be an open book to those who really 
wish to read it, but there are grades and shades of meaning which 
may be hard to understand. ‘There is certainly no place where the 
leaves are more widely spread or the print more clear than in these 
portions of the book. 

“With all that has been done by geologists and other scientific 
men, by central administration of the government, and by officials 
concerned with immediate administration of National Parks, we 
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have only begun to convey the really great lessons to the multitude. 
Science needs itself to know more fully what the story is, and then 
simplification and clarification must help to carry the great essen- 
tials over, so that the casual visitor may read and may interpret 
without depending upon the word of another. To attain such 
clearness of expression is to stand upon the highest plane of educa- 
tion. For many objectives this level can nowhere be reached so 
easily as in the National Parks. There are not in America other 
places where, for these purposes, comparable possibilities for effec- 
tive adult education concerning nature can be found, with the 
grandest products of creation themselves as teachers. For utiliza- 
tion of this opportunity we need support adequate to prepare for 
most effective use. In such a super-university, professors would be 
only guides and not instructors, but there should be a faculty 
chosen from leaders in thought and appreciation, a group of men 
who, standing in the vivid presence of the Creator, would serve to 
point out the road. 

“But the parks may not be pictured solely in a setting of science 
as it is commonly known. In ways we can define only imperfectly 
they express peculiar elements of beauty and grandeur which lie 
beyond the realm of formally associated facts and logic. Partly 
does this attractiveness reside in that which stirs emotions through 
influence of aesthetic and artistic values, partly it is recognition of 
sublimity in the power and order behind nature. 

“While the National Parks serve in an important sense as recre- 
ation areas, their primary uses extend far into that more funda- 
mental education which concerns real appreciation of nature. 
Here beauty in its truest sense receives expression and exerts its 
influence along with recreation and formal education. To me the 
parks are not merely places in which to rest and exercise and learn. 
They are regions where one looks through the veil to meet the realt- 
ties of nature and of the unfathomable power behind it.” 

The first work of a body such as that set up by the National 
Parks Association must concern itself with two aspects of the prob- 
lem of inspiration and education in the Parks. First, a general 
statement of the broad principles or ideals which we may recognize 
as those which should naturally guide in a program of educational 
or inspirational type in National Parks or in any other region; 
second, the working out of definite illustrations which may serve 
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as concrete examples representing the highest use of available 
materials. 

For present purposes of the Advisory Board there seems to be 
no more effective method of study of our problem than by utiliza- 
tion of the program for educational and inspirational use of the 
Grand Canyon as it is being worked out by cooperation of various 
agencies, including the American Association of Museums, and the 
Committee of the National Academy of Sciences working in co- 
operation with the Geological Society of America and the National 
Research Council. This program is being realized by a Committee 
of men who have been concerned with intimate study of the Grand 

Canyon problem. It presents one of the most extraordinary oppor- 
tunities in the world for expression both of the general principles 
involved and of their application in detail. 

The features of the Grand Canyon which it is planned to illus- 
trate will be represented by fifteen or twenty localities clearly visi- 
ble from Yavapai Point. These stations will be pointed out to the 
visitor on an exceptionally useful relief map and will then be seen 
in detail in the Canyon through a telescope. They will thus appear 
with the perspective of the whole Canyon about them. The local- 
ities will be represented at the observation station on Yavapai 
Point by specimens of the original materials brought up to the sta- 
tion. The localities will then be made accessible by special trails. 
They will also be described in a small, clearly written, fully illus- 
trated publication available for all who may desire to read. 

It is proposed to tell the story of the Canyon in such a manner 
as to illustrate the meaning of its development. The outline will 
‘be divided according to the following groups of exhibits: 

1. Evidence of disturbance of the earth’s crust as illustrated in 
faults and other unmistakable proofs of instability or movement in 
past periods. It is recognized that such a statement is necessary 
not only to show the nature of the crust of the earth upon which 
we live, but also to make clear how the walls of the Canyon were 
built and how the gorge was cut. It is through movement of the 
earth’s crust that basins for accumulation of deposits are formed. 
It is through movement that great cycles of erosion are initiated. 
It is through movement of the crust that present features of the 
earth’s surface, and in part the climate, were determined, thus 
leading to development of existing variety in physical conditions, 
reflected in the variety of life. 
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2. Building of the Canyon walls. Evidence indicating the 
manner of accumulation of sandstone, conglomerate, limestone, and 
other formations piled up for ages and represented in the layers of 
the Canyon walls. 

3. Evidence indicating the method of cutting the Canyon. This 
will be shown, first, by illustration of a bar on the river at the bot- 
tom of the Canyon, consisting of boulders, pebbles, and sand, which 
are the tools by which the cutting has been carried out, and the 
swift water of the river is the power which has driven the blast. 

4. The story of life of the earth as represented in the great suc- 
cession of strata in the Canyon walls, illustrating the nature of the 
life at different periods and its changes through the ages. 

5. The variation in present-day life as it is spread over the Can- 
yon region, adapted to different altitudes, different types of cli- 
mate, and other physical conditions. This illustrates the relation of 
life to its surroundings, a relation that is of interest when considered 
in the light of what is shown in the history of life recorded in the 
Canyon walls. 

6. Aspects of the Canyon which are of exceptional artistic, inspi- 
rational, or spiritual value. The Canyon as seen through the eyes 
of great scientific philosophers, great artists, and great interpreters 
of human interests. In the practical sense this means the point- 
ing out of localities from which exceptional aspects of the meaning 
of the Canyon can best be understood. 

Many of the exhibits have already been worked out. An at- 
tempt to plan the series has made it clear that as yet the scientific 
world is only in part acquainted with the phenomena expressed by 
the Canyon. This has led to much research, which will necessarily 
be continued. The planning of the exhibits and their use will be 
a real stimulus to fundamental scientific work and to its interpreta- 
tion. 

A statement regarding progress in development of the series of 
exhibits at the Grand Canyon will appear in the next number of 
this Bulletin. 


A NATIONAL PARK CREED 


HILE the National Parks serve in an important sense as 
W recreation areas, their primary uses extend far into that 
fundamental education which concerns real appreciation 
of nature. Here beauty in its truest sense receives expression 
and exerts its influence along with recreation and formal education. 
To me the parks are not merely places to rest and exercise and 
learn. They are regions where one looks through the veil to meet 
the realities of nature and of the unfathomable power behind it. 
I cannot say what worship really is—nor am I sure that others 
will do better—but often in the parks, I remember Bryant’s lines, 
“Why should we, in the world’s riper years, neglect God’s ancient 
sanctuaries, and adore only among the crowd, and under roofs 
that our frail hands have raised?” National Parks represent op- 
portunities for worship through which one comes to understand 
more fully certain of the attributes of nature and its Creator. 
They are not objects to be worshipped, but they are altars be- 
fore which we may worship. 


National Parks Bulletin, vol. 8, no. 50, p. 3, July 1926; vol. 9, no. 54, p. 5, November 1927. 
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THE CONTRIBUTION OF SCIENCE TOWARD THE 
APPRECIATION OF NATURE 


R. PRESIDENT, members of the Society, and distinguished 
guests: May I first, Mr. President, congratulate you and 


the Society on your great achievement in the production 
of an institution which stands first for research and second for the 
educational development—a combination which represents, as I 
always see it, a rare relation because only too frequently these two 
subjects are separated. I come, Sir, from an institution that is 
devoted to research. We hope, however, that the results of our 
work will also find their way to the people through some process of 
education. I recognize that when you take over the duties of a 
great museum, in addition to those of investigation, you assume a 
great charge, financially and in the work of your Staff. Therefore 
you deserve the honor, the felicitations, the congratulations of other 
institutions which have not carried the burden. I wish you all 
success in your venture. 

Mr. President, on an occasion such as this when the problem to 
be discussed is that of a museum, I realize that I am not an expert. 
I am preceded by President Osborn and Dr. Sherwood and followed 
by Dr. Bumpus, all of whom have devoted themselves specifically 
to this subject. Therefore, Sir, I have chosen to talk upon one 
aspect of the problem which I notice is mentioned in President 
Osborn’s address; that is, the application of certain of these things 
which you discuss to the problem of what I might call the com- 
panionship with nature on the part of the average individual in 
average everyday life. 

My subject is ““The Contribution of Science Toward the Appre- 
ciation of Nature.” 

I imagine that when I attempt to speak on a subject of this kind 
I almost always begin with a classification and that people have 


Address at the formal opening of the Buffalo Museum of Science, January 19, 1929. 
The Buffalo Society of Natural Sciences, 1861-1929, Sixty-eighth Annual Report, Fuly 1, 
1928—Fune 30, 1929, pp. 7-12, 1929. 
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noticed that it is almost always in threes. On this occasion I have 
thought fundamentally of the problem as concerning three aspects 
of what we see about us: Man as an individual and the way he looks 
at things; other people and the way we look upon them; and nature 
or the rest of the universe. 

One of my friends says that the reason we attempt to classify 
things in threes is that the custom dates back to a time when that 
was as far as people could count, but at any rate I always start with 
that arrangement. 

On this particular occasion what I wish to do is to consider the 
relation of the individual, not so much to other persons as to nature 
about us. 

Now, nature, as I think of it, represents precisely what I see in 
the Museum here; that is, the elements of the universe considered 
from the point of view of natural science, beginning with basic 
physics, and running through geology, biology, and up to the classi- 
fied works of man as they are studied from the point of view of the 
investigator. 

Appreciation of nature is not an easy thing to express, and per- 
haps I had best not attempt to define it more than to say it repre- 
sents to me that interest, that solace, that joy, that stimulus which 
we receive from contact with nature as we see it about us, either in 
our investigations or in everyday life. 

When I think of the problem in this sense I almost always go 
back to the question which has been expressed in many types of 
publications; that is, what is the relation of man as he rests in his 
environment of nature? And here there comes to me the story 
recently told by a friend who went out into one of those most 
remote corners of the Navajo Reservation to a place that some of 
you have seen in the Canyon De Chelly; that is, the White House. 
He was not able to go up this magnificent canyon because the sand 
was too deep. So they rode on horses along the edge of that 
magnificent cliff, with its roseate rocks that reflect the light of the 
sun in a most extraordinary way, and finally they came out on a 
high point. There they looked across the sandy wash to the eight- 
hundred-foot cliff on the other side, in the bottom of which in those 
great recesses were these magnificent buildings of ancient times 
known as the White House. And they stood there for a long time 
looking at this perfectly magnificent work, with the background of 
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nature behind it. And then a Navajo came out from a little side 
canyon and stood on a rock in front of the White House and sang a 
song; and my friend said: “From the whole of my experience in 
that long trip this was the most magnificent thing—the story of man, 
with the great background of geology behind it, and then the expres- 
sion of a living being illustrating the thought and the life of the 
people.” And I said, ““Why was that so wonderful to you?” And 
he thought a while and said, “I do not know.” 

Some days ago I saw the same suggestion, which probably all 
of you read in the Literary Digest. A girl, I think a high school 
girl, somewhere here in the State of New York was asked why 
these things be. I can’t remember the poem exactly, but she said: 


“T do not know how such things be... 
I only know a maple tree 
In late September dims the eyes 
With sudden tears...” 


Nor do we know why, excepting that there is a peculiar relation 
between the imaginative characteristics of human beings and that 
which develops in us when we are in contact with nature in its 
most primitive, in its simplest, or even in its most fully analyzed 
form. 

What is nature to us? That depends, I suppose, on whether 
you are an investigator or whether you are a primitive savage, or 
perhaps neither. J perhaps have been a primitive savage in my 
earlier days. I presume other people may have assumed that would 
be the case in my early childhood. I cannot say what the reflections 
of a primitive savage would be; but as nearly as I can determine from 
what those who have studied the problem tell us, the world of 
nature is to the savage a complex of marvelous forces which he 
doesn’t understand, and he confesses that to be the state of his 
knowledge. 

I passed through the state of collegiate education many years 
ago, when colleges taught mainly by the use of textbooks. I 
acquired from that coilege education an extremely interesting series 
of interests. My first reaction was that of strong repulsion against 
the teachers who attempted to tell me, from books in which they had 
read, about things which I knew they understood little. So I came 
away with a distinctly inquiring type of mind. Had I been given 
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a good education I might never have become an investigator. | 
came away with the feeling that I would like to know about these 
things, and that has been my interest since that day. 

Now there is only too great a tendency in these days of having 
everything organized, from business to knowledge, to attempt to 
put all that we know in the form of formulae and to hand it over 
to others who will absorb the formulae without perhaps ever know- 
ing what they mean. Today I think we have passed the stage of 
the commonplace book type of education, and your museum is 
an indication of the thing that we expect in the future. 

We have passed the Main Street in which everybody accepted 
what appeared in print. We have come to the time when we accept 
the thought of great people. We love great books. We reverence 
great teachers. We look upon great museums as places in which 
and through which we come in contact, not with a stereotype 
nature, but with nature in its simplest, clearest, most real form. 

If I were asked what science brings to us—jumping over many 
other questions which might be asked—I would say that science 
today first of all brings the clearest expression of the reality of 
nature that man has yet known, and yet that reality is not the clear 
certainty of the textbook stage of American education. It is a 
recognition of the fact that we only know in part. 

I remember when in chemistry everything was perfectly clear. 
The molecules were packed in groups, and the atoms each had 
their place, and a rock was a rock, and material was material, and 
mind and all other things were so totally different that there could 
be no relation between the two. 

These days, when I sit with the great physicists and ask them 
their opinions, I find that the farther they go with their investiga- 
tions the less they know about what matter is, the more distinctly 
energetic, the more distinctly spiritual it becomes, until today it 
would be unsafe to set up a definition of matter such as we accepted 
without question forty years ago. 

Today, with the physicist and the astronomer cooperating, we 
have reached out so far into space that we have to use conventions, 
like distance measured into time and years that it takes light to 
travel at 186,236, or whatever miles it is, in a second. We have 
come to a realization that science will probably never penetrate the 
boundaries of the universe, nor are we likely to penetrate the inner- 
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most realms of the electron or, if you wish, the nucleus of the atom. 
In other words we are faced on each side, above and below, far 
out and far in, with limits which it seems improbable that we shall 
pass. 

It is the same way with time. The geologist does not deal with 
the great spaces of time with which the astronomer plays, yet the 
geologist has given a concept of time as we see it passing, as you 
see it when you look over the edge of the Grand Canyon, and when 
you see before you, with all the reality of the present moment, stage 
after stage in history, in each of which you can feel as much at 
home as if you had lived in that period. You see the sands on the 
shore of the Cambrian Sea, with the shells that lived and moved 
about in the water and with the prints of the feet of the Trilobitae 
that walked over it, pushing the sands to the right and to the left 
with their little extremities, and you are there upon the shore of 
the Cambrian Sea; and so on through all these stages, the reality 
and significance of each of which is clear, and yet you see them all 
at once. 

Three days ago I asked a very distinguished geologist how much 
time he would give me for the series that I could see from the rim 
of the Grand Canyon, and he said: “‘A thousand million years, or 
more if you wish it.” So that you stand there and see the clear 
realization of reality, the realization of actuality, the realization of 
movement through time of the great forces which were in operation. 
In other words you have time and movement together. Which 
brings me to the third concept—movement. 

Science today gives us a clearer appreciation of movement—from 
the fast speed of the electrons and the atom up to the fast speed of 
the spiral nebulae or universes flying through space—and the 
tremendous significance of the movement of things through time in 
geology. 

Now I come to the fourth concept; that is, of progress. This 
is something that was not clearly expressed in the world until modern 
science began to show that not only do things not remain the same 
for any length of time, not only do things change continuously 
through the ages, but as nearly as we can determine they change 
toward a more complex situation. In the case of higher organisms 
this means a more and more highly developed nervous system, and 
in terms of the highest expression of the nervous system it means 
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increasing intelligence, increasing capacity to reflect what is seen 
in the universe about us, increasing capacity to recombine the things 
that we see and to make out of them those things that we today call 
creative in the sense of thought. 

So man finally comes to secure, through science, this great con- 
cept of movement through time and space and change that goes, 
as nearly as we can determine it, toward a goal that we cannot 
realize but which means betterment, so far as we are able to decide 
on the basis of the evidence that science has furnished us. 

These are the things which science gives to us, in addition to 
what we could touch and taste, feel and hear before science began 
to organize and interpret knowledge. 

Now one last word or two regarding the appreciational aspect 
of all this in the life of the average person. I can’t attempt to tell 
you what you think about nature. Probably your reactions are like 
mine. Nor am I able to say exactly what I think. But the point 
that I want to make is that the contribution of science gives a 
vision of continuity of law which looks like purpose in nature, that 
makes our relation to nature all the way from the contact with the 
clod to the tree or to the mountain, in one sense, that of companion- 
ship. 

Now of course companionship means an individual, and it means 
a human relation, and I am going to say frankly to you that probably 
the last thing in the world that we are ever going to know about is 
what a human relationship really means. It is the point of view 
of the individual, which is yours and mine, and there is no other way 
to interpret nature than by that. 

I am inclined to think that the poets, scientifically inclined, have 
come nearer to an appreciation of what this means than any other 
group of people. I don’t know, as I approach quoting poetry, 
whether I can always do it exactly, but what I want to say, lest I 
forget it, is that as I see science and as I see literature—all the way 
through from the taxonomic description of species up to philosophy 
and religion—I doubt whether there exists in our literature any- 
thing more beautiful than this hackneyed line in the beginning of 
Bryant’s Thanatopsis. Lest you do not know, may I say to you that 
when Bryant wrote his Thanatopsis as a very young man he started 
off with the idea of writing a poem that had to do with death. You 
may recall the lines which he first wrote, which went with TAanatop- 
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sis—lines which indicated that the fear of death was inherent in the 
makeup of mankind. 

The first edition of Bryant’s Thanatopsis was the one that began 
with the words, 


¢ 


“,.. yet a few days, and thee 
The all-beholding sun shall see no more...’ 


> 


and went on in just that strain and ended with similar lines. 

The first lines, those beautiful lines in which he asks you to go 
out and see nature and in which he indicates to you the beauty that 
you there meet—those lines were written years later, with the 
maturity of his contact with people and with nature. He added to 
his melancholy story the beauty of the opening lines and the beauty 
of the closing stanzas. 

Another poet who has done a tremendous thing in the telling 
of the story of human life is Wordsworth. I should say that those 
who do not know the story of nature through Bryant, through 
Wordsworth, and through Shelley have missed a part of the most 
interesting philosophy of nature that ever has been written. 

So it was Wordsworth who wrote those lines, 


“Thanks to the human heart by which we live, 
Thanks to its tenderness, its joys and fears, 
To me the meanest flower that blows can give 
Thoughts that do often lie too deep for tears.” 


So Shelley, as he looked at nature in the greatest of all his poems, 
as I see it, Prometheus Unbound, once came to write those lines 
where Asia speaks to the Earth with the words: 


99 


“How glorious art thou, Earth!... 


And so I come to the last phase of the aspect of appreciation of 
nature as it comes to us through science, and that is that science has 
given us in the religious sense a universe deeper, wider, greater, 
more wonderful than anything that has been known before in the 
history of man. , 

One of the difficulties with the discussion as to whether we need 
a new conception of God or a new conception of religion today 
lies in the fact that people do not realize that original definitions of 
God, of religion, and of all the essences that go with them, were 
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made at a time when we knew less and when we were less careful 
about the definitions. 

Man began with objectifying God in the form of graven images. 
He burned those and created for himself images of the mind in the 
terms of personality like ours. Today it is quite clear to us that 
the universe which we see is certainly less finite than that which man 
once knew—I cannot say more personal. But I am sure that those 
who constructed the original definition would be willing to say that 
the universe has grown beyond our description and that if there be 
something important behind it perhaps it is reflected in the lines of 


Shelley: 


99 


“How glorious art thou, Earth!... 


And so, Mr. President and members of the Society, I think that 
in the development of your program you will lead not only to an 
interpretation of the laws of physics and of chemistry which may 
become of practical use in our making a living and clothing our- 
selves, but you will lead to a place where we shall have a higher 
appreciation of what we meet, if we are looking either at the spiral 
nebulae; attempting to find the nucleus of the atom; or merely 
enjoying the hills, the trees, and the flowers, as we see them every 
day. 


Success to you in your undertaking! 


NATURAL PHENOMENA AS A SOURCE OF 
INSPIRATION IN EDUCATION 


T IS not my idea to indicate that the whole of education is 

comprised in the word “inspiration,” although I might go 

very far toward making a case for it. Nor is it my wish to 
suggest that natural phenomena are the only sources of inspiration. 
I wished rather to utilize a particular type of study which touches 
the problem of natural phenomena for discussion of the significance 
of the inspirational aspect of educational work. 

I do not know that this body, or any other body, would accept 
any one definition for “educational program.” I recognize it as 
comprising the means of determining adaptability or capacity of 
the individual to learning methods for work, attempting to find 
out what constitutes reality, and making certain that one learns 
to use imagination. 

I realize that the disciplinary attitude of educational work is 
enormously important. I am quite convinced that it has been 
enormously overestimated in practically all educational programs. 
If there is any body or instrument that tends to close itself up 
tight and become completely impervious to whatever may be 
pressing upon it, the best illustration I know is the human mind 
when the attempt is made to pour information or knowledge into 
it. They say that a camel is able to close up the apertures in its 
head pretty effectively when a duststorm comes. That is nothing 
compared to what a young man may do when you attempt to teach 
him against his will. 

I am quite convinced that the underlying principle of the mind 
in particular circumstances, the motivating principle is the thing 
of first significance, and if you can go far enough to make that 
motivating principle interest, then nine-tenths of the battle is 
already behind you. 

I have not the idea that natural phenomena are the only things 
that may be used for development of interest or inspiration. I 

Address before the annual meeting of the American Council on Education, Washington, 
May 3, 1929. Educational Record, vol. 10, pp. 272-276, October 1929. 
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know perfectly well that the world of human life about us repre- 
sents the first interest to human beings. I am also aware of the 
fact that there is spread around us a very large thing called nature, 
which is commonly pretty much neglected, except for drawing upon 
it for natural resources, or in a few instances, as around this build- 
ing, attempting to use the beauty of nature as a stimulus to interest 
in beauty. 

I am quite insistent that in any educational process, the element 
of reality should have an important place. I say this vigorously 
and advisedly. I talk with too many young men and women 
going through the educational process, who live in a world that is 
almost completely imagination. They have hardly a foot or a 
finger upon the ground. They live in an atmosphere created by 
the textbook, or by the lecture, or by some formal process, rarely 
coming out to look upon the world of either human beings or 
physical things. I am a strong supporter of the idea that reality 
must not be something that is merely touched. It must be grasped 
by the fingers of the mind. Someone recently—perhaps White- 
head—referred to education as knowledge treated imaginatively. 
Knowledge must come through the mind, and must be treated by 
use of the imagination. 

I am, on the one hand, insistent that we use materials as the 
basis of education; on the other hand, that they be treated imagi- 
natively. I have chosen for the moment to utilize materials that 
come from the field of nature, although again, do not misunder- 
stand me, I realize perfectly that nothing in the world matters to 
human beings excepting as it becomes a subject for human con- 
sideration or is treated in the human sense. | 

Having come out of a university, in which I enjoyed the experi- 
ences of an educator, in recent years unconsciously I have looked 
around to find where it would be possible to continue certain as- 
pects of research in relation to education. Once a geologist, a 
student of fossils, of features of the land, of animal and plant life, 
and having been engaged in researches in national parks and for- 
ests, I gravitated toward study of certain of the problems expressed 
through the most striking natural features that we know in 
America. In the course of this work I have been led more and 
more to consider the significance of the inspirational aspect of the 
influence of these particular phenomena. — 
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Ultimately, I have come to consider the significance of the in- 
spirational aspect of education in national parks with relation to 
the inspirational aspect of teaching in the schoolroom. The prin- 
ciples are the same in both. I have stood firmly for the idea that 
those things which have become stereotyped through centuries of 
organization in education should be subjected to careful examina- 
tion before they are allowed to come into use in the national parks. 

When some of my friends say to me, ““The proper way to proceed 
is to have models and diagrams and charts, with which you first 
instruct the visitor and then permit him to go out and see the thing 
that you have been describing and interpreting,” I reply that thirty 
years of teaching indicated to me that the quicker I led the student 
to the thing itself, and then disappeared from the picture, the 
larger the percentage of result. 

It was a very hard experience for me to discover that I was rela- 
tively a very unimportant element in the process; that if I could 
lead the student to the great natural feature—whether it was 
seen through the microscope or through the telescope, or whether 
it was merely a wide angle view of nature in the front yard—and 
let the student face the thing where he could see in some measure 
what it meant, where he could have the joy of personal discovery, 
there was the largest chance that he would come to the point of 
view that I wished to have him take. 

It may not prove true that by this process the student would 
pass all types of examinations that may be set. It may be that, 
by memorizing rules and lists of names, he could obtain a higher 
mark. But with that system of examination which has to do with 
the development of his interest and his thinking, I find that, when 
he makes the discoveries himself and has the stimulus of interest 
from having found something previously unknown, he comes near- 
est to doing really fundamental thinking. 

Last summer I visited fourteen parks and monuments and in 
each attempted to find what great things it represented. What are 
the great features in nature that parks are supposed to show; 
what are the lessons that they are assumed to teach? I came to 
the conclusion that even for this simple question there is great 
difficulty in securing an unequivocal answer. 

I found that the visitors to the parks asked what might be called 
the natural questions relative to the greater things. That com- 
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monly they not only asked, “What is this, and how did it come to 
be here?’”’, but they suggested that the situation had not always 
been as it is now, and that there had been a process of development 
leading to the present situation. Something had been pushed up, 
or something had been cut out. They were impressed, in the first 
instance, by the magnitude of the spectacle, by the height and 
depth and bulk. And that impression of bigness seemed to open 
up the sutures of their minds so that there developed an exceptional 
possibility for permanent intellectual and spiritual growth. In 
nearly every instance they asked questions which went much be- 
yond their previous experience. Commonly the question was one 
which carried us quickly beyond the range of knowledge of all 
who had studied the subject. In the presence of a great natural 
feature which gave them a broadened vision of nature they were 
conscious of being lifted out of the commonplace, and of sensing 
the existence of still greater regions of knowledge beyond. At 
that point in the questioning of many the basic elements of what 
constitute science and philosophy and religion tended to be ex- 
pressed together. 

The influence of these contacts upon the average person is some- 
times called “inspiration.’’ Far be it from me to attempt to define 
that term. All I mean is that the mind is opened; that inquiry 
reaches out in a new way; and that the result is a new viewpoint, 
which not only is a point of view but is an attitude of the mind 
which leaves it forever inquiring in that particular field. 

A person who stands at Glacier Point, or at the foot of the great 
east cliff in Glacier Park, or at the edge of the Grand Canyon, has 
his mind opened by the inspirational process and goes out to in- 
quire. Even if a part of the answer is never found he never ceases 
to ask questions. 

A study of what happens in the parks makes me ask how far we 
can go toward applying in the schoolroom what we learn in the 
parks. I am not at all sure but that the magnitude of the oppor- 
tunity to study this process in the national parks, where it is all 
on a great scale and the mind is open relatively wide, is an oppor- 
tunity which may tell us much about what takes place in the hu- 
man mind wherever or whenever great spectacles, things of great 
interest in nature or in human affairs, are opened to us, whether 
they be presented through a great crevice in the face of the earth 
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as at Grand Canyon, or whether they be made visible to us by 
the influence of a mind that with unusual power of illumination 
takes a clod or a fragment of a leaf, or a piece of a flower, or a part 
of a worm, and so illuminates it to the student that his mind 
opens and he sees and begins to inquire. 

I have answered no questions. I wish only to ask assistance in 
attempting to answer those which I have asked. 


Carnegie Institution of Washington, D. C. 


PLANS FOR EDUCATIONAL WORK OF A PHILO- 
SOPHICAL CHARACTER AT YAVAPAI POINT, 
GRAND CANYON, ARIZONA 


(HE program designed to open to the visitors to national 
parks opportunity for understanding great natural phenom- 

ma. ena brings to the representatives of the natural sciences a 
large responsibility for interpretation of these special features. 
Plans for educational work at the Grand Canyon include establish- 
ment of a station from which an exceptional view of the greatest 
features of the canyon may be obtained. From this station at 
Yavapai Point, one and one-third miles east of El Tovar Hotel, it is 
possible to observe the outstanding geological, paleontological and 
biological features of the canyon: 

The plan as developed at Yavapai Point furnishes opportunity 
for direct observation of the most striking aspects of the canyon 
story, both with and without the aid of telescopes. ‘There is also 
arrangement at the station for study of specimens brought from the 
principal localities. There is also provision for guidance by a 
trained naturalist and instruction as to ways by which the several 
localities of peculiar interest in the canyon may be visited. 

One of the outstanding opportunities involved in this arrangement 
for study of the features of the canyon lies in the fact that there is 
shown here the interrelation of the many types of phenomena. 
There is expressed in an exceptional way the unity of the processes 
in nature through which the geological, paleontological, and bio- 
logical features have been produced. 


Abstract of paper presented at the forty-second annual meeting of the Geological Society 
of America, Washington, December 27, 1929. Bulletin of the Geological Society of America, 
vol, 41, no. 1, p. 105, March 31, 1930; Pan American Geologist, vol. 54, no. 2, p. 135, 
September 1930. 


2191 


REPORTS ON STUDIES OF EDUCATIONAL 
PROBLEMS IN NATIONAL PARKS 


SUGGESTIONS RELATING TO PURPOSE AND EDUCATIONAL PROGRAM 
oF CraTER LAKE NaTIONAL Park, 1929 


OT at any stage in discussion of the purpose and function 
of Crater Lake does there seem to have been question 
regarding the general purpose in dedication of this area as 

a National Park. The crater and the lake have always been the 
distinguishing features. Analysis of the characteristics of the lake 
and its surroundings brings out two special characteristics: (1) The 
extraordinary beauty of the lake expressed more particularly in its 
color. (2) The exceptionally interesting geologic or dynamic 
aspects of the volcanic mountain in which the lake rests. 

The first feature may be characterized as an exceptional expression 
of color, with atmosphere produced by varying lights and shadows 
arising from the quality of the sky, the nature of the clouds, and 
many other features. The second is an unusually clear illustration 
of the effect of volcanic activity, the essential element being dy- 
namic, and representing one important phase in the history or 
development of the earth. 

Along with the two outstanding features of the Crater Lake region 
there are many accessory factors of much interest. Such are the 
beauty of the hemlock forests, the nature and distribution of the 
flora and fauna in the immediate region, and the extraordinary out- 
look from the mountain over a surrounding region of great forests 
and mountain peaks. The setting of Crater Lake, as it were on the 
backbone of the Cascade Range, in a region presenting the results 
of tremendous volcanic activity as seen in the lava flows and in the 
volcanic cones, is of importance in considering the general problem 
of the mountain in which Crater Lake rests. 

The administrative policy of Crater Lake National Park must 
center itself upon furnishing opportunity to enjoy and appreciate, 


Individual Reports of Members of the Committee on Educational Problems in National 
Parks, pp. 17-23, 25-29, November 27, 1929. Privately printed, Washington, 1929. 
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first of all, these special things—the beauty of the lake with its 
exceptional setting in the crater, the dynamic story of the mountain, 
and the forests growing around and upon it. The program must 
combine three principal types of effort: (1) The development of 
avenues by which the public may reach the points at which the 
beauties and wonders of the region present themselves to best ad- 
vantage; (2) the making available of means through which the public 
can obtain essential information regarding the nature and history 
of the crater and the lake; (3) the providing of such necessities and 
comforts of living as will permit the visitor to secure maximum 
enjoyment of the peculiar features of this park. 

One of the greatest needs concerns the making available to tour- 
ists of essential information regarding the nature of the mountain, 
and the history of its making, as a part of the story of tremendous 
igneous activity of this region. It is essential that we bring the 
visitor into contact with those features indicating the reality of the 
crater as the result of an actual series of events in history of a vol- 
canic mountain. It is desirable to proceed as far as our knowledge 
permits, with an interpretation of the events which have brought 
the crater to its present state and have made possible the origin and 
the exceptional development of beauty in the lake which it holds. 

In preparing a plan for educational work at Crater Lake it is 
essential that concise definition be made of the principal elements 
of interest, both in the story of the crater from the geological, his- 
torical, or dynamic point of view, and covering the principal features 
involved in the origin and nature of the beauty in the lake and its 
environment. While it is desirable to have available in well-organ- 
ized and simplified form all scientific data regarding the history of 
the crater, it is necessary that from this material there be selected 
those things of exceptional importance because of the possibilities 
for appreciation of their reality, because of their accessibility, and 
by reason of the bearing which they have upon interpretation of 
the dynamic history of the crater. 

As the objective of this program concerns presentation to open- 
minded persons of materials upon which they themselves can judge, 
it is desirable to find a locality from which the features to be the 
objects of principal discussion can be observed together and under 


most favorable conditions. Such a locality is possibly presented 
by Victor Rock. 
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An educational program at Crater Lake should provide the 
following: 

1. A plan of roads and trails designed with special reference to 
presenting the features of the region which have been determined 
by experts to be of outstanding importance. 

2. An adequately equipped observation station situated on the 
best available point for study of outstanding parts or aspects of the 
crater and the lake. 

3. A staff of persons competent to study the region effectively, 
and to take charge of all educational work on the ground. This 
staff should prepare the publications needed for use of the public, 
and take charge of necessary talks or lectures. ‘There should be a 
Naturalist in charge at a salary of $3,000 to $4,000 per annum and 
an assistant at $1,800 to $2,400 per annum. 

4. Talks or lectures designed to assist in informing large groups 
of visitors as to the objects of principal interest in the region, and 
how they may best make acquaintance with them. 

5. Conferences and walks for interested visitors who desire guid- 
ance and assistance of competent naturalists. 

6. A series of publications representing two types: ove, a rela- 
tively full but clear statement, scientifically exact and discussing 
the principal features of interest in the Crater Lake region. A 
second type of publication should be a small booklet, which might 
be broken up into leaflets, each of which would treat of a special 
feature. This second type of publication should be of such simple 
form that in the course of examination of any particular locality the 
visitor could obtain the major facts of interest within this space of 
two or three minutes. The booklet and the leaflets should be 
illustrated with the best possible photographs and drawings. 

The observation station should be so situated as to give one of the 
outstanding views of the crater and the lake. It should be equipped 
with specially selected materials by use of which the story of the 
crater can be told to best advantage. 

With the living accommodations located approximately as they 
are at present, the best available point for such an observation 
station and museum seems to be Victor Rock. It should be ap- 
proached over a carefully constructed trail from the rim of the 
crater. The rocky point should have built upon it a platform 
approximately 25’ x 40’, with a carefully designed parapet and, if 
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possible, a sheltering roof of such a nature that it would not be 
conspicuous from points around the margin of the lake or the rim 
of the crater. 

The station should be equipped with several telescopes. Some 
of these must have sufficient field to show the location of objects of 
principal interest in their setting. At least one telescope should 
have sufficient power to give the maximum opportunity for careful 
examination of distant objects. There should also be available 
such maps as would be needed to show all the details of the lake 
and surrounding region. If possible, a relief map should be pre- 
pared for use at the station. Finders locating points of interest 
would also be useful. A small exhibit room back of the observation 
platform should contain specimens illustrating materials of peculiar 
interest at localities to be pointed out by the attendant. 

A collection of the most significant plants and animals of the 
region with selected specimens illustrating the types of rocks may 
well be assembled in the Community House or in a small museum, 
in addition to facilities at the Victor Rock station. This collection 
should have as its purpose the interpretation of the region to those 
who are making its acquaintance, and would be of especial use in 
connection with general lectures given at the Community House. 

It is important to provide for carefully prepared general talks to be 
delivered by a qualified naturalist at the Community House, pos- 
sibly also at the hotel, and at such other places as may be suitable. 
These lectures should, in the first instance, outline the elements of 
major interest in the Crater Lake region with which the visitors 
would wish to make acquaintance. 

Other ¢a/ks of a more distinctly specia/ nature might be given at 
the Community House or at the observation station. The lectures 
of the second type would be in effect the special discussion of things 
of particular interest rather than general descriptions of the region. 

It is important that the lectures, wherever possible, be illustrated 
by carefully selected lantern slides of the highest type, and by the 
use of such specimens as can be utilized readily for the occasion. 
To this end there should be a stereopticon lantern of the best type 
at the Community House, and a set of lantern slides prepared par- 
ticularly for general and special talks. 

It is important to provide means for walks with scientifically 
trained guides in the immediate vicinity of the hotel and camps, for 
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the purpose of pointing out special views of the lake from carefully 
selected localities, and for showing through direct observation some- 
thing of the materials forming the rim of the crater, and to give 
opportunity for making acquaintance with the elements of special 
interest in the flora and fauna. 

In selecting a group of features to be used for interpretation of the 
story of the crater as it may be read from Victor Rock, it is desirable 
to present to the visitor the following points: 

1. Evidence that the rocks forming the rim of the crater and the 
surrounding region could have been formed only through volcanic, 
igneous activity—in other words, they could have been produced 
only by the pouring out of igneous or heat-melted materials on 
the surface of the earth by way of volcanic eruptions. This proof 
would be based on examination of specimens of several types of 
rocks from the rim of the crater, such as volcanic glass, pumice, lava 
showing ropy or flow structure. If necessary, comparison could be 
made with rocks of similar types from known volcanoes—if possible 
those near Crater Lake such as Mount Lassen, or Rainier, or Shasta. 

2. Evidence that the structure of the strata surrounding the 
crater is that which would be produced by pouring out of material 
from a vent or volcano. This would include evidence of the tilting 
of the strata away from the crater on all sides; also lens-like char- 
acter of the strata; also evidence of flows of limited extent running 
out through old valleys on the sides of the crater. 

3. Evidence indicating pouring out of lava from the old crater 
through vents or cracks such as are commonly formed on the sides 
of volcanoes, illustrated especialy by the dike known as the Devil’s 
Backbone. 

4. Evidence that the layers of lava have burned or baked or 
otherwise modified strata over which they have been poured. (Pos- 
sibility of finding evidence of vegetation on old surfaces of the 
mountain on which the vegetation has been burned or carbonized 
by pouring out of lavas upon it.) 

5. Evidence of the Wizard Island cinder cone, both as to character 
and formation, indicating that it has been thrown out of a volcanic 
vent, as in the case of modern cinder cones. At some stage in the 
discussion there should be a general comparison in form and struc- 
ture of this crater with volcanic vents for which the history of erup- 
tion is known. 
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6. After having proved the igneous nature and origin of the crater, 
it is important to consider specific stages in its development, as 
shown by the succession of flows of varying kinds, and such varia- 
tion as is known in the character of the rocks. This would bring 
out the gradual building up of the mass, the variation of materials, 
both as to type of lava and as to difference between flows of molten 
lava and outpourings of tufa or ash. In this way the story of 
growth of the crater wall as a mass would be shown. If possible, 
evidence should also be presented showing any changes 1 in the region 
about the crater, such as evidence of general quiescence during 
which the region may have been forested, or evidence of change of 
climate during which there may have been intensive glaciation of 
some of the older surfaces.’ 

7. Evidences which concern the later story of the crater showing 
what events have brought about the present situation as to great 
width and depth of the crater with relatively low altitude, and 
evidence of almost continuously fractured inner walls showing the 
exposed edges of broken strata. The evidence here would include 
those suggestions as to the height or mass of the mountain such as 
may have obtained in a past period; also evidence on the one hand 
indicating that the present situation may have been brought about 
by explosion of the center of the mountain leaving only the sides 
and base, or evidence that the mountain may have subsided, leaving 
only the present remnants. Any available evidence should also be 
presented which indicates that the mountain may never have been 
a great cone, but that subsidence or sapping may have broken 
down the original walls until the present condition developed. 

8. As a further chapter in the story of the crater it is important 
to bring out evidence of glaciation, and its bearing upon problems 
which concern the original size or height of the mountain, or which 
might relate to conditions in this region at a time when the climate 
of the earth was materially cooler and more humid than that of the 
present, as was the case in late Pleistocene time. 


Although the story of the crater as it can be read from an observa- 
tion station at Victor Rock will be one of the major features toward 
which attention of visitors should be directed by this station and 
the apparatus related to it, it is important to note that at the same 
time there will be great advantage in using the station for a study 
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of the beauty of the lake, and for discussing questions relating to 
the nature and distribution of life in that region. 

The problem involved in examination of the lake as an element of 
beauty is one presenting many difficulties, but some of the questions 
concerned will always be raised, such as: what is the scientific cause 
of the deep blue color of the lake. It is important that in connec- 
tion with demonstrations at the observation station all available 
data be brought together for use in presenting an answer to this 
question. This will involve information touching the composition 
and nature of the water, the elements of the problem based upon 
meteorology, and the psychological factors involved in a study of 
problems of this nature. 

It is important that either in the observation station or in a mu- 
seum situated elsewhere there be a simple but effective representa- 
tion of materials illustrating the principal features of the fauna and 
flora which would naturally attract attention in a visit to the Crater 
Lake region. Some of these things of interest may possibly be 
shown from Victor Rock with the naked eye or with low-power 
telescopes. It is desirable also to have available information as to 
means by which persons who wish to do so can reach all points of 
interest seen from the observation station. 


SUGGESTIONS REGARDING EDUCATIONAL PROGRAM OF 
GRAND CANYON 


The educational program of Grand Canyon National Park is as 
yet only in early stages of development as regards definition of pur- 
pose, program of operation, personnel, and equipment. As the 
principal features of the Canyon region appear well defined, plan- 
ning for educational work would seem relatively easy, but intensive 
study reveals difficulties due in part to stupendous size of elements 
composing the picture. 


Purpose 


Although the purposes of educational work in the Canyon may 
comprise an infinity of subjects, it is essential that for use of the 
fleeting multitude of visitors there be outlined that group of features 
unquestionably distinguishing this area. The great number of de- 
tails will inevitably be subject for inquiry by scientific and lay visi- 
tors, and a well-developed program must provide for answers to 
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such questions. Means for furnishing information will be presented 
through especially prepared literature, museum facilities, and 
personal interpretation by a well-informed staff of naturalists. 

Study of what constitute major purposes in educational work at 
Grand Canyon has been the objective for carefully planned effort 
on the part of a considerable group of the leading scientific men of 
America acquainted with this problem. These results will be 
presented in a special statement to be issued in the near future. 
The essence of values from this study has already been incorporated 
in development of the station at Yavapai Point. 

The idea of giving thorough study to objectives for educational 
work in National Parks has justified itself fully in examination 
of the Grand Canyon program. At any place of great wonders it 
is easy to pick out a large number of things any or all of which 
may be interesting to the public. But the object of this particular 
work has been conceived as relating to the exceptional opportunities 
which the parks present. It is, therefore, important to give assur- 
ance that a brief period which may be at the visitor’s disposal can 
be in part devoted to the greatest available features. 


Program of Operation 


While the educational program of the park must arrange itself 
around the elements of principal interest, it will involve a study 
of the means for giving the best opportunity to see and to under- 
stand these most significant features. The educational facilities 
will necessarily be organized both according to methods of approach 
determined by geographical conditions, and to means by which 
information can be transmitted in the most effective way. 

With reference to organization of methods of approach in the 
physical or geographic sense, the educational plan at Grand Canyon 
is relatively easy to define, as the main points of view are followed 
closely by the roads and trails along the north and south rims, and 
the trails from the South Rim to the floor of the canyon and from 
the canyon floor to the North Rim. In general the roads and trails 
as now established may be assumed to represent natural means of 
access determined by geographic features. 

There can be no doubt that the future will bring out many new 
lines of study relative to points of view. Other roads and trails 
will be designed to bring out striking views of the Canyon with the 
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maximum of effectiveness and the minimum of damage to the land- 
scape. It should be a part of the program of educational service 
to have such possibilities under continuous study. For this work 
it is desirable that every aspect of the program be included which has 
importance to visitors, including scientific, esthetic, and other as- 
pects of personal interest. 

The general program of educational work may for temporary 
purposes of classification be described under the following heads: 

1. Definition of the general features or subjects of interest, the 
nature of which should be known to every visitor. 

2. Selection of the major points of view and defining modes of 
approach by roads and trails or by other methods to be devised. 

3. Plans by which visitors may, on their own initiative, obtain 
such general or orientation views as will present the major features 
in their natural relation to each other. 

4. Installing of such necessary labels or signs along roads and 
trails as may call points of special interest to the visitor’s attention. 

5. Preparation of literature in the form of leaflets and simple 
guides giving concise information as to points of peculiar interest 
along roads and trails. 

6. Organization of park naturalist personnel fitted to give in- 
formation to visitors at selected points, and on special occasions, 
relative to features of major interest. 

7. Planning of excursions by visitors (a) by way of concessionaire 
assistance through busses, private conveyances, by animals, with 
aid of guides; (b) through assistance of Park Service naturalists to 
visitors in their own conveyances, singly or in groups, and to 
visitors on foot, singly or in groups. 

8. Carefully planned talks of stimulative and informative type 
to be given either under auspices of the Government at camp sites 
and specially selected auditoriums or in connection with activities 
of concessionaires. 

It is essential that these several elements of the proposed program 
be always considered as only parts of a unit plan. 

In general the attitude of the National Park Service by way of its 
Educational Division should be so to develop the opportunities for 
learning to know features of special interest in the park that 
visitors may exercise the maximum of personal initiative. At the 
same time it is important to make clear the desire of Park Service, 
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and of the concessionaires, to be helpful in promoting the enjoy- 
ment and furthering the interest of visitors. ‘There is grave danger 
that in all programs for educational work the plans of visitors 
be so organized that the individual is moved about under guidance, 
and loses in considerable measure those values which come through 
the joy of personal discovery. 

Development of these various aspects of the program might be 
carried out tentatively as follows: 

1. Definition of general features or subjects of interest, the nature 
of which should be known to every visitor. The most successful of all 
European guide books have been those in which the points of major 
interest could be separated quickly and accurately from those 
interesting details which have generally a lower rating. The stars 
and double stars and triple stars have had great value to casual 
or hurried visitors. Even to persons giving more careful attention 
to the places visited, these outstanding points are recognized as 
those to which there is most frequent return. 

In an area as large and with as many stupendous features as the 
Grand Canyon, it will be possible for any visitor to have an ex- 
perience of tremendous significance through contact with even a 
small group of the features within reach. It is, however, important 
that every visitor on leaving the Canyon be able to say to himself, 
“In the brief time available I have had at least a view of those 
things of greatest interest and renown in this region.”’ The study 
of this problem is one requiring the highest knowledge of the region, 
the greatest skill in interpreting the value of the features, and the 
most intimate knowledge of human interest and appreciation of 
natural features. Whatever the plan by which the educational 
program be developed, this highest thought, through which selec- 
tion is made of the things of primary value, will have relatively 
large responsibility. The fact that the problem is difficult should 
not mean that it may, therefore, be set aside for some future time. 
The best effort should be made as early as possible, and the results 
then modified through further information as it accumulates. 

In any list of outstanding features of the canyon it will be essen- 
tial to include the following: (1) an exceptional panorama illustrat- 
ing depth and magnitude of the canyon, (2) view of the Colorado 
River at a point where its power and volume are evident, (3) view 
illustrating nature of the great plateau into which the canyon is 
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cut, (4) residual peaks of Red Butte and Cedar Mountain, (5) 
bordering area of the Painted Desert, (6) contrast of the Archaean 
Inner Gorge with overlying Algonkian and Cambrian. 

2. Selection of the major points of view and defining modes of 
approach by roads and trails or by other methods to be devised. What 
constitute the principal points of view at Grand Canyon will 
depend upon such a variety of interests and opinions that there will 
never be a plan so clearly defined as to go beyond the range of 
profitable discussion. There are, however, a number of places and 
points of view which come so near to universal acceptance that 
there can be no question regarding their need for special treatment. 

It should be the function of the National Park Service adminis- 
tration, and especially of the Chief Naturalist, to carry on a con- 
tinuous study of this aspect of the problem. The outstanding 
views should be selected by reason of combinations comprising the 
purely scenic and esthetic along with the scientific and spiritual 
values of these localities. 

It is important to place emphasis on the time of day and the 
weather conditions which are particularly favorable for the best 
views. Certain points may have relatively little value in the 
middle of the day and be exceptionally beautiful in early morning 
or evening. A general guide to the Grand Canyon should list 
these places especially, and if the guide is so voluminous as to make 
impossible its thorough study on a brief visit, such conventions 
should be utilized as will make it difficult for the visitor to overlook 
these localities. 

The leaflets prepared for trails and roads should be so organized 
and printed as to give special attention to the principal points of 
view. For bus and general trail trips it should be possible to select 
the special leaflets relating to the particular regions to be visited. 

Roads and trails should be constructed in such a manner as to 
promote interest in the landscape and the features which they open | 
to view. Means of access which form scars on the face of the land- 
scape, or especially upon cliffs or canyon walls, are disfigurements 
difficult to erase. The planning of roads should not be merely the 
development of an engineering approach. The road is a part of 
the landscape and unless it contributes definitely to the beauty 
of the picture, it should come as near to being completely invisible 
as is possible. This should be accomplished under the most expert 
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and esthetic development of engineering art. It is not sufficient 
to say that the funds permit making only a particular type of a 
road. If the landscape is one for which it is worth while to spend 
large sums in opening it to view, it is sufficiently important to 
require that whatever is constructed be so handled as not to deface 
the very elements which it is expected to make available. 

The constructing of roads and trails will inevitably develop as a 
special art involving the highest talent of the scientist, the artist, 
and the engineer, in order to show the great values and beauties of 
the canyon, without changing the face of nature through means 
used for access or through mere presence of the multitude in the 
region. 

Due to the fact that the North Rim has been developed less 
rapidly than the South Rim, exceptional opportunity is open for 
special study of that area with reference to the points which have 
been made. Many extremely beautiful regions will be opened by 
new modes of access. Many other tracts should be left as nearly 
as possible in their primitive condition, and such entrance as is 
permitted should be arranged by way of trails constructed with the 
greatest care and under the highest development of artistic engi- 
neering skill. 

Such view places as the points known as Havasupai, Mojave, 
Hopi, Grand View, Yavapai, Yaki, Moran, Lipan, and Comanche 
should be reached by roads and trails giving the principal effects 
of the view at the places where the greatest values can be reached. 
Such is true on the North Rim for Point Sublime and for several 
of the prominent locations in the region of Cape Royal. 

3. Plans by which visitors may, on their own initiative, obtain such a 
general or orientation view of the Canyon as will present the major 
features in their natural relation to each other. Aside from views 
developed through roads and trails, which may be known as the 
unconscious approach, it is important to set up means for opening 
to visitors the most important views of principal features. 

The consensus of opinion from careful study at the Grand Canyon 
indicates desirability of selecting two or more points with excep- 
tionally comprehensive views, where the visitor may obtain an 
understanding of matters having special importance. It was be- 
lieved desirable that these elements be seen in the perspective 
of the picture as a whole, and in such relation to each other as to 
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give maximum value through this setting. The plan as worked out 
has centered upon development of an observation station at 
Yavapai Point on the South Rim. A somewhat similar station 
has been planned for a comprehensive view at Cape Royal on the 
North Rim. 

Although orientation at these stations would be largely by means 
of fifteen or more special views, good organization makes it possible 
to include most of the greater elements of the Canyon story, as 
well as to express the principles which underlie its interpretation. 

Selection has been made of a number of other viewpoints some- 
what less comprehensive and not so easily accessible for the larger 
group of visitors. For each of the subsidiary viewpoints the visitor 
would have full value for all information previously obtained from 
Yavapai Point or Cape Royal. In time special arrangements for 
orientation may be found desirable for the subsidiary points. In 
the absence of necessary apparatus it is desirable that the subsidiary 
points be fitted out with finders by which things of peculiar interest 
can be located, and that they be covered by preparation of special 
leaflets. These leaflets for special use should be related to the 
leaflet or booklet for description of the orientation panorama at 
Yavapai Point or Cape Royal. 

For the station at Yavapai Point the views from the parapet 
cover the following elements of the Canyon and its story. The 
views as utilized from the parapet are numbered as in the list 
following. 


Forces Wuicu PropuceD CANYON AND WALLS: 


I. How the Colorado River cuts its canyon 
II. How the Canyon walls were built 
Movement of earth’s crust makes possible canyon-cutting and formation 
building 
Evidence of movement in earth’s crust 
Colorado River makes new formations from products of canyon erosion 
accumulated at its mouth 


History or Farts BuiLpInc: 


III. Oldest rocks in the Canyon, and among the oldest in the world—so old that 
their original characters have been destroyed 
IV. Oldest rocks which retain their original character as gravels, sands, muds, 
ete: 
V. Greatest single geological story told by the Canyon 
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VI. Tremendous changes in surface of the earth, shown in widely differing forma- 
tions of the upper Canyon walls 


RecorpD oF LirE THROUGH THE AGES: 


VII. Most ancient relics of life preserved in walls of Grand Canyon—primitive 
lants 
VIII. one remains of animals in Grand Canyon walls—crab-like creatures and 
shell-fish 
IX. Earliest imprints of ferns and insects in Canyon formations 
X. Oldest traces of four-footed animals preserved in Canyon walls—last to 
appear in the story 
XI. Continuation of Grand Canyon story of earth history and life through iso- 
lated hill of strata upon Canyon rim 


ForMInGc or GRAND Canyon as AFFECTING LIFE or Topay: 


XII. Cutting of Grand Canyon as influencing variation of life by separation of 
North and South Rim Plateaus 
Distribution of animals and plants today according to Zones of climate de- 
veloped in cutting Grand Canyon 
XIII. Life of the North Rim area, like that of southern Canada 
XIV. Life of the South Rim area 
XV. Life of the Canyon floor region, like that of desert areas in Sonora, Mexico 


4. Labels and signs along roads or trails. Even if adequately 
prepared guides and leaflets are available, it is desirable that certain 
key points in the Canyon be so marked that one traveling without 
personal guidance can keep continuously orientated with reference 
to the landscape. Marking objects of special interest by labels 
or signs in a landscape such as that of the Grand Canyon presents a 
problem of difficulty, both as regards selection of features and with 
reference to the danger of detracting from their beauty. 

As useful as labels or signs may be, they should not under any 
conditions be so placed as to mar the landscape or diminish the 
pleasure of the visitor. The situation requires a small group of 
carefully placed markers, serving to help in guiding the visitor 
to the elements of greatest interest. Careful handling of the 
problem will make it possible to keep the fullest attractiveness of 
the landscape. It is always important to bear in mind that one is 
dealing with a place of tremendous natural beauty, and not merely 
with a section of out-of-doors to be labeled as a group of museum 
specimens. 

Along the roads on both the north and south rims it is desirable 
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to have a small group of markers indicating outstanding views and 
features of special interest. Important as it may be to give visitors 
a knowledge of the flora and of other individual elements in the 
picture, labels or signs furnishing information regarding trees or 
plants or particular rock specimens should be so unobtrusive as to 
be practically invisible for anything excepting careful inspection. 

It is desirable to extend the system of trail and road markers to 
the north and east in such manner as to lead toward and connect 
with elements of special interest in regions beyond the park bound- 
aries toward which visitors will naturally travel. 

Labels or markers along trails and roads should be related to the 
system of guides and leaflets, as also to the plan for orientation, 
in such manner as to indicate elements emphasized by these other 
aids to visitors. 

5. Preparation of guides and leaflets for use along roads and trails. 
Study of the Grand Canyon region will undoubtedly produce a 
number of published guides of varying stages of elaborateness, 
which will be considered from the point of view of different groups 
of visitors. For general use, whether for brief or for long periods, 
it is important to have literature with concise statements as to 
outstanding features along the principal roads and trails. It is 
desirable that this literature be so organized as to make it especially 
useful at the principal viewpoints. 

The guide for use of visitors to orientation stations such as 
Yavapai Point and a corresponding location on the North Rim 
will give a basis of reference for literature relating to special roads 
and trails. Leaflets for trails and roads should be planned so as to 
place each item in its relation to the panorama of the Canyon. 

A series of leaflets should be constructed with reference to each 
of the principal roads and trails. This should include a statement 
for the South Rim drive from El] Tovar to Desert View and return, 
with special attention to each of the principal points of view along 
the road. Similar leaflets should be constructed for the drive from 
FE] Tovar to Hermit Rest on the South Rim, and for the North Rim 
drives from the hotel to Cape Royal, to V. T. Ranch, and to Point 
Sublime. Similar leaflets should be prepared for the Bright Angel 
Trail trip, Hermit Trail trip, the trail from Yaki Point to the river 
and return, and the trail from Phantom Ranch to the North Rim. 

The leaflets should be so organized that the parts relating to 
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special stopping places could be looked over in not to exceed two or 
three minutes, so as to direct attention to the essential points at the 
moment of arrival. The data should be thoroughly tested scien- 
tifically. They should be clearly worked over with reference to 
their human interest, and should be presented in language so clear 
that it can be understood immediately. Simple sketches of the 
impressionistic type are desirable. They should center attention 
upon particular features as related to their environment. It is 
not wise to spread the illustration so liberally through texts and 
margins as to diffuse attention. 

The leaflets relating to special view points should be so con- 
structed that they can be obtained separately for a price not to 
exceed five or ten cents. 

It is important that all guides, bus drivers, and other employees 
of Park Service or of concessionaires be thoroughly familiar with 
the data included in the road and trail leaflets. There should at 
least be familiarity with the object described, with its general 
significance, and with the available sources of information. 

It is desirable that all visitors traveling on regularly organized 
trips handled by concessionaires be provided with leaflets covering 
the region to be visited. There would be advantage in having a 
leaflet for every trip furnished with the ticket for the particular 
journey. 

6. Organization of park naturalist personnel. The element of 
personal relation to visitors desiring information is of enormous 
importance. No two visitors are alike as to interests, mode of 
approach, or supplementary questions which may be raised by.the 
experience of the Canyon. The personal relation is valuable in 
that it permits deviation from stereotyped form of statement, and 
facilitates explanation of secondary features related to major 
aspects of the Canyon. 

But we must note that there is advantage in so arranging the 
experience of making acquaintance with the Canyon that the visitor 
can make his discoveries with aid of roads, trails, road signs, and 
carefully prepared literature. It is therefore desirable to reduce 
instruction or talking at the visitor to the minimum which gives 
Opportunity to enjoy the region. 

In view of the fact that the Grand Canyon story represents a 
superlative development of nature, it will always be difficult to 
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find a naturalist staff competent to give information which will be 
scientifically and philosophically correct and at the same time 
intelligible to persons of average intelligence. It is not easy to 
describe the superlative in terms which are themselves less than 
the supreme effort of expression. It is difficult for one not satu- 
rated with knowledge and with interest in the miracleof the place 
to present a statement measuring up to the opportunity evident 
in the face of nature. It will always be difficult to satisfy any 
intelligent person with a purely scientific statement regarding 
a picture which clearly requires a philosophic interpretation, and 
which at the same time demands the highest type of spiritual 
appreciation. 

Every educational system tends to develop what is known as the 
stereotyped view of the subject. If there is any place at which 
discussion of the material in hand will fail completely of its objec- 
tive under a formal treatment, it will be under the conditions 
prevailing at Grand Canyon. It is essential that the naturalists 
have clear scientific insight, accurate philosophic judgment, and 
the sympathy of human interest. Formal instruction will be 
wholly unsatisfactory. It would be less advantageous than plan- 
ning the general program of roads, trails, leaflets, and general 
approaches as leading lines, and leaving the visitor to follow his own 
interests. 

For leadership in development of an educational program at the 
Grand Canyon, it is clear that no level of scientific, intellectual, and 
human interest would be too high. The subject has superlative 
scientific, philosophic, and spiritual interest, the picture smites 
the eye in such manner as to hold attention, and the audience is 
drawn from the most virile intellectual group of the country. 
Under these conditions the possibilities are too large to justify 
any guidance excepting that which lifts the spirit high. One has 
the right to assume that this experience may easily become a 
permanent influence in the lives of all who are exposed to the 
wonders of the region. 

7. Planning of excursions by visitors on their own initiative, or 
under guidance of Park Service, or under guidance of concessionaires. 
Among types of excursions by visitors for which definite plans 
should be prepared, there may be listed: First, those organized by 
visitors on their own initiative and traveling either on foot or in 
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their own conveyances to points which may be indicated by aid 
of maps, guides, leaflets, or series of trail signs set up by Park 
Service; Second, excursions organized under guidance of park 
naturalists, and visiting points of interest either on walking tours or 
in their own automobiles; Third, the various types of excursions 
organized under management of a concessionaire. This third type 
would consist of riding parties along the rim or on the trails, regular 
excursions by bus to various points on either rim, or parties con- 
veyed by special automobile transportation arranged and con- 
ducted by the concessionaire. 

For the first group it must be recognized that the planning of 
excursions by the individuals who follow in a general way their own 
inclinations will in reality represent the development of leading 
lines toward points of interest which have been developed by careful 
study of the Canyon problem. Even under these conditions, the 
visitor will have a relatively large element of personal discovery 
in his experience. Excursions of this private nature will be influ- 
enced enormously by planning of roads and of trails, by the placing 
of guide signs and labels along the trails, and especially by orienta- 
tion of the visitor through use of the stations on the North and 
South Rim, and by the leaflets extending interest along all roads 
and trails. 

For the individual visitor there will also be much of profit in 
planning excursions through discussion of personal problems with 
naturalists at the orientation station, or at campfire and other 
lectures, or on guide walks and automobile trips. 

It is important that special consideration be given to the interests 
of the individual following his own inclinations, and tracing out 
through his personal interest the methods of approach developed 
by previous study of the problem on the part of the administration. 

For the second group of visitors, namely those attaching them- 
selves to walking parties or automobile parties under the guidance 
of naturalists, it is important that there be, first of all, the experience 
of orientation from the stations on the North and South Rim, and 
second, the opportunity to secure the special literature relating to 
trips planned. 

The third group of persons, carrying out their plans under guid- 
ance of the concessionaire, will represent a large portion of the total 
group of visitors. For their advantage it is desirable that the con- 
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cessionaire and the Park Service keep in close touch as to means 
by which all information available for the advantage of visitors 
may be used on the excursions. 

It is important that all visitors in this group be provided with 
available literature touching points of principal interest along the 
road or the trail. It is also essential that all guides or drivers be 
acquainted both with the geography of the region and with the 
special literature describing it. They should also have acquaint- 
ance with the sources of further information relating to the area. 
It is also desirable that visitors on all trips of this nature have 
opportunity to visit the orientation station. If these conditions 
are met, even on a fleeting trip, it should be possible to learn the 
essential elements of the picture as it is met. 

It is believed that cooperation of Park Service with the con- 
cessionaire can develop an extremely effective service through this 
third method of excursion. On the one hand, it must be recognized 
that there is the possibility of a routine trip with little explanation 
of value. On the other hand, there is the possibility of developing 
through the concessionaire extremely intelligent groups of guides 
and drivers in close touch with the naturalists, and fully acquainted 
with the means of assistance open to the visitor. 

8. Carefully planned talks on subjects of special interest to visitors. 
It should be a part of the program of the naturalist staff to work 
out three types of carefully planned discussions for the information 
of visitors: (a) Regular, but brief and concise discussions of both 
general and special topics at the orientation stations; (b) general 
and special talks at campfires, community houses, and at other 
points where visitors naturally gather in the evening when it is not 
possible to enjoy the principal beauties of the Canyon; (c) talks 
arranged in cooperation with the concessionaire. 

“It is important to recognize the necessity of what might some- 
times be called “selling” talks by the concessionaire for the purpose 
of informing the visitors of trips which may be to his advantage. 
It should be possible to arrange, in relation to such talks, authorita- 
tive statements regarding items of special interest in the Canyon. 
Such combinations may be of advantage both to development of 
the educational program and to development of legitimate and 
important features representing responsibility of the concessionaire. 

It is desirable to use illustrative material in the form of specimens 
or pictures whenever this is possible. 

All general talks should be in simple and clear form, and should 
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lay before the visitor groups of items of real human interest. The 
special talks should center upon objects accessible to the visitor, 
upon which a general interpretation of certain important features 
of the Canyon can be based. 

It is essential that for all talks, of whatever type, the naturalist 
responsible be fully acquainted with the scientific detail of all 
materials considered. He must also have a clear, philosophic, and 
human view as to the significance of his subject. He must further 
have good training in the art of presentation of his materials; 
otherwise the subject will have relatively little value to the visitor. 


PuRPOSE AND KuNcTION OF YOSEMITE NATIONAL Park: 1929 


Intensified interest of recent years in parks and park problems, 
together with the need for large expenditures in their development 
and maintenance, has made necessary the attempt to define various 
types of park and recreation areas. It may never be possible to 
define any one of the types of parks in such way as to cover all 
possible questions for all places and all purposes. But the clearer 
the definition of purpose or function, the easier it will be to plan 
operation and development. 

As contrasted with municipal and state parks, or with the extra- 
ordinary opportunities for recreation and education in national 
forests, the national parks are distinguished by characteristics 
which represent scenic beauty or natural phenomena unique in the 
country or in the world. 

The evident purpose in the setting aside of each of the major 
parks leaves no room for doubt that it is the unique thing in the 
use of which the nation as a whole would wish to participate that 
constitutes the basic element in definition of national parks. 

The characteristics of national parks have never been classified, 
and it may be difficult to reduce them to any simple form of defini- 
tion. These areas are commonly included under the term of scenic 
or natural features. They have elements of exceptional beauty, 
and generally contain an unusual representation of primitive life 
of the region, both plant and animal. Generally the element of 
magnitude, as expressed by dimensions or power, is involved. In 
practically every instance the distinguishing thing is recognized 
as being an extraordinary clear expression of the type of phe- 
nomenon represented. It is usually true that the aspect of a given 
national park which distinguishes it from other areas has qualities 
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which give the visitor such a definite emotional reaction to the 
principal elements presented in its story that the effect may be 
characterized as inspiring. 

There has never been doubt that the extraordinary features of 
magnitude and beauty of Grand Canyon, or in the evident power 
exerted in producing this phenomenon, exert upon the visitor an 
effect which makes inescapable a measure of recognition of the 
elemental laws of nature involved in the forming of the Canyon. 
There can be no doubt that observation of the Grand Canyon 
gives to the average person a deeper understanding of principles or 
laws widely expressed in nature, but which are usually difficult to 
understand or to appreciate. 

A study of the major features of national parks indicates that 
while their use must overlap to a large extent that of other types of 
park areas, the development and defense of the system as of national 
significance must depend in the first instance upon emphasis on the 
features to which the parks owe their existence. While in general 
recreational and therapeutic values of national parks must be 
recognized as of interest and importance, there is no special reason 
why the nation should consider the support or administration of 
reservations for such purposes unless there be involved certain 
features which are of definitely limited extent and of clearly na- 
tional importance. If it be true that national parks owe their 
origin to outstanding expressions of beauty, or to presentation of 
exceptional opportunity for understanding natural phenomena, it 
is through the utilization of these features that we must expect the 
National Park program to develop. There is, however, every 
reason to assume that along with the outstanding features of these 
parks there are collateral or related features which should be 
utilized and developed to as great extent as possible consistent with 
continuing emphasis upon the distinguishing characteristics. 

In the history of Yosemite Valley there does not seem at any 
time to have been doubt as to the peculiar characteristics of this 
area. Along with climatic, physical, and biological features which 
may be duplicated in many other regions on the west side of the 
Sierra, the outstanding characters of the Valley are universally 
recognized as essentially of the inspirational or educational type. 
While everyone realizes that there are many accessory aspects which 
may have large value in association with the distinctive elements, 
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the things which have justified the existence of Yosemite National 
Park are represented in those features which distinguish it from 
the many other areas of exceptionally interesting mountain country 
of the inspirational type in the Sierra region. 


Suggestions as to Distinguishing Characteristics of Yosemite Valley 


Obvious features. 1. Striking features of magnitude shown in 
depth of valley and steepness or abruptness of walls. 

2. The contiguous or surrounding region of high mountains with 
occasional slopes covered with snow or glaciers. 

3. The exceptional contrast between abrupt, sheer walls of mas- 
sive rock with their awe-inspiring expression of power and, on the 
other hand, the level areas of quiet meadow and forest. (“The 
hills rock-ribbed and ancient as the sun, the vales that stretch in 
pensive quietness between.’’) 

4. The beauty and power of waterfalls, unique in their expression 
of living power which produced the valley. 

5. The significant accessory features shown in widespread forests, 
meadows, lesser streams, and wild life enhancing the beauty of the 
region. 

Less obvious features, representing the fundamental phenomena of 
nature. ‘These represent elements in the region which may be in 
some measure sensed or recognized by a large number of observers. 
Their full understanding depends upon something more than casual 
inspection. They are within reach of the average observer, but 
only through the medium of extended seuey and the use of organized 
knowledge. 

Certain of these features are in some part responsible for the 
emotional reaction described as inspiration. They represent 
aspects of knowledge in which human imagination extends itself 
through the medium of organized realities to an understanding far 
beyond that of mere photographic reflection of nature in the mind 
of man. The appreciation of these things is a natural function of 
the intellectual and spiritual life. The development of some of 
these characteristics represents a considerable part of the oppor- 
tunity for growth in understanding and appreciation of nature. 

1. The stupendous natural phenomena represented in the origin 
of the granitic masses out of which the Yosemite region has been 
carved. This includes the development or intrusion of tremendous 
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volumes of molten material forming the axis of the mountains and 
replacing that part of the earth’s crust upon which the sediments 
of the foothills region originally rested. 

2. The series of tremendous movements involved in the origin 
of the mountain region. 

3. The enormous and extended erosion which has removed from 
the mountain region the covering sediments and has modeled the 
mountains through the power of water and ice. 

4. The history of climatic change and the effect of glacial action 
in the glacial period. 

5. The zonal associations of life, both plant and animal, as illus- 
trated in the range of fauna and flora from the lower valley to the 
higher mountains. The illustration of life adaptation or variation 
in accordance with variation in physical conditions produced by 
altitude, temperature, and change in soil conditions. 

6. The relation of variation in zonal distribution of living forms 
to the principle of specific variation in the plant and animal kingdom 
as expressed in the general theory of life development and variation. 

7. The relation between movement of the earth’s crust and change 
of land forms to variation of life through the ages. Recognition 
of the living earth as affecting the development of living things. 
The unity of the story of nature beginning with the causes which 
produce crustal movement and extending into the development of 
the living world. 

8. Evidence that the phenomena illustrated in so spectacular a 
manner in Yosemite are forces which are active everywhere and 
through all time and are a part of the effective environment in 
which human life is lived. They also constitute a part of the 
material which man naturally uses in development of his environ- 
ment to meet his own needs. 

Suggestions as to development program. It is recommended that 
in development of the plan of Yosemite Valley special emphasis be 
placed upon opportunity for use and enjoyment of the Valley 
as represented in those features which have distinguished it from 
other types of parks and have given it its unique position among 
the National Parks. 

While every way should be opened for use of Yosemite in the 
sense of possibilities of rest and recreation and enjoyment of living, 
the maximum opportunity should be given for understanding and 
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appreciation of the major or distinguishing characteristics of the 
Valley. Where judgments or decisions must be made among a 
number of possibilities involving use of the Valley, preference 
should always be given to those uses which relate to the basic 
purposes. If a study of the program indicates that sacrifice must 
be made among the possibilities of use, judgment should favor 
those forms of utilization which concern feasible combinations of 
recreational life and enjoyment with the higher intellectual, inspira- 
tional, or spiritual values. It should always be recognized that 
essentially man is an intellectual or spiritual being, and that where 
decisions are made between lower uses and higher uses, there can 
be no defense of any action which sets aside the higher uses at a 
place where these forms of utilization can be carried out to best 
advantage. 

It is recommended that all possible consideration be given to 
development of the educational or inspirational utilization of 
Yosemite Valley along lines which involve use of those forms of 
guidance which present to the visitor the major interests or oppor- 
tunities of the Valley, in the manner in which they may be most 
fully understood, appreciated, and enjoyed. 


Interpretation of Story of the Granite Areas in 
Yosemite National Park 


The form and beauty of Yosemite Valley are due in considerable 
measure to the shaping of its features in granite. Had the rocks 
of this region been the same as those of the lower Merced area, 
or of the Grand Canyon, the result would have been widely different 
from what we see in Yosemite today. 

The mode of origin of much that has unique interest here gives 
reason for suggestion regarding the materials from which the valley 
is formed. Additional reason for making available to visitors some- 
thing of the story of the granite at Yosemite is found in the fact 
that the circumstances relating to origin of the granite mass of the 
Sierra probably constitute the greatest single event in the story 
of the Yosemite region. 

The account of building of these granite masses is an epic repre- 
senting the action of tremendous creative forces. It possesses 
that attractiveness inherent in movement or development or growth. 
We need only to find means for presenting to the visitor observa- 
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tional evidence from which average intelligence can construct a 
picture of realities in the history of this region. 

The essentials in presenting the story of development of the 
granite and its relation to the history of Yosemite involve finding 
such localities as will permit the visitor to see for himself the relation 
of the granite to the sedimentary masses into which it has been 
intruded. It is also desirable to present evidence of the sediment 
remaining in fragments above existing granite mountains. 

Sentinel Dome. The best point of observation for telling this 
story seems to be the summit of Sentinel Dome. At this locality 
there is wide and unobstructed view over the whole of the Yosemite 
region and out to the Coast Ranges. From Sentinel Dome it is 
possible to see practically the whole range of the vast sedimentary 
series lying upon the granite and extending beneath the great 
valley of California. The general area of contact between the 
sediments and the granite is visible in the lower Merced valley. 

There are also visible from the summit of Sentinel Dome a 
number of patches of sediment resting upon the granite at what 
has been called tentatively “Sediment Peak,” near Mount Clark, 
also on Parsons Peak. Occurrence of blocks of altered sedimen- 
tary material near Sentinel Dome may also be seen. 

The development of a station for the purpose of showing the 
granite involves preparation of a small smooth area on or near the 
summit of Sentinel Dome with equipment consisting of a well 
designed finder to locate the principal points of importance, a 
single case to contain a few important specimens and photographs 
with labels, and further a small booklet or leaflet giving simple 
and concise statement of the story and description of the localities 
to be observed. The station at the summit of Sentinel Dome 
should be approached by a path with as little as possible of artificial 
construction. 

The case at the summit should contain specimens of the sedi- 
ments near the contact in Merced valley, photographs of the tre- 
mendously folded sediments near the contact with the granite in 
Merced valley, and a few specimens from the sediments resting 
upon “Sediment Peak”’ and Parsons Peak. 

The leaflet for use at this point should include a simple, brief 
description of the nature of the intrusion of the original molten 
granite mass and of its gradual cooling to take on its present physi- 
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cal characters. There should be a cross-section through the granite 
area extending out to the great valley and illustrating the nature of 
the contacts in the Merced valley and on the summit of the range. 

The leaflet should also call attention to the erosion process by 
which the sediments were removed from the great granite area 
exposed. There should be reference to the old erosion surface of 
approximate Miocene time seen from Sentinel Dome. 

Glacier Point. At Glacier Point the multitude of visitors makes 
it important to present, so far as possible, the story of the origin, 
nature, and significance of the granite mass which can be told to 
best advantage from Sentinel Dome. Although it is not possible 
to see the lower Merced valley from Glacier Point, the features 
illustrated from Sentinel Dome and not visible at Glacier Point 
could be represented through good photographs. There are many 
reasons why it may seem desirable to develop at Glacier Point 
a station which will show Half Dome and the Little Merced region, 
including the sediment cap on “Sediment Peak” near Mount Clark. 

Museum. It is also desirable that in the geological room of the 
museum on the Valley floor the essentials of what has been dis- 
cussed as important exhibit material for Sentinel Dome and Glacier 
Point be illustrated by use of carefully prepared transparencies, 
well selected specimens, careful labels, and a small leaflet. 

Merced Canyon. It is also desirable that on the Merced canyon 
road near the contact of the granite and the sediments one or two 
small sign labels be set up pointing out the nature of the tremen- 
dously disturbed and folded sedimentaries near the point of contact 
with the granite. At such a locality it may be important to have a 
small case with a few photographs and labels. The leaflet used at 
Sentinel Dome would also be helpful in an explanation of what is 
seen at this locality. If argument is made that illustrating this 
point would obstruct traffic on the narrow road, suggestion might 
be made that the road exists in order to carry visitors into a region 
in which they are to learn something of exceptional wonders in 
nature. The distorted strata along the Merced road represent a 
part of this story, and there is abundant justification for so adjust- 
ing the situation on the road as to make it possible for visitors to 
park for the few moments necessary to come to understanding of 
this locality. 

It is probable that visitors would make most frequent use of the 
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locality illustrating disturbed sediments in the Merced River region 
when on the way out from the Valley after having heard the story 
of the granite. If, however, they could visit the locality on the 
journey into the Valley, this would be helpful in understanding the 
story as it will be learned from the various points mentioned at 
Sentinel Dome, Glacier Point, and the museum. 


SIGNIFICANCE OF CERTAIN BIOLOGICAL FEATURES IN THE 
EDUCATIONAL PRoGRAM OF NaTIONAL Parks, 1928 


Although in development of the educational program of National 
Parks a relatively large part of the effort expended up to the present 
time has been directed toward study of life, the biological aspect of 
educational influence is probably much more important than has 
been recognized. A considerable part of the work done up to the 
present time has related to the more elementary features of field 
botany and zoology. It has been of real significance, and has 
served an important purpose through initiating study of the fauna 
and flora for many who under the conditions of relaxation in the 
park environment have welcomed a friendship with nature. Visi- 
tors to the parks commonly wish to have rest and freedom along 
with the desire to learn. There is an element of refreshment in the 
contact with flowers and forests and birds. It is a relation free 
from that routine of everyday life which the visitor especially 
desires to leave behind. 

Among the major opportunities for education in biology, one of 
the most important concerns the factors which have to do with 
variation of life, and the relation between life and its environment. 
This is expressed in some measure in the geographical distribution 
of animals and plants, according to what are called life zones, repre- 
senting a relation between variation of types of life and variation 
in physical conditions. Without reference to special theories ad- 
vanced in discussion of the factors governing distribution, the 
relation between range of certain types of environment and the 
range of kinds of plants and animals is a striking thing in many 
parks. Through the suggestion and guidance of clear-minded 
naturalists, study of the illustrations here may bring about develop- 
ment of a train of interesting interpretations by visitors. 

There is also in the geographical range of organisms in National 
Parks an extremely important relation between the distribution of 
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life zones and the development of the geography or geology of the 
region. The life zones have been made possible by geological 
changes resulting from contrast of two sets of forces: those involved 
in movements of the earth’s crust producing uplift, and those 
expressed in wind, running water, and ice which have carved or 
moulded the land forms. The geological processes responsible for 
conditions governing distribution of life in the National Parks 
really represent one phase of the story of development of life through 
the ages. We describe them as physical forces. We do not know 
their origin fully. Perhaps the elements of the unknown in these 
activities are not less significant than those unexplained factors 
which elude us in study of the physiology and other life processes 
of the living organism. 

The physical activity of the earth seems so intimately related to 
development of the living world that the two are in a sense one 
process. There are no places where these and many other relations 
of the story of life can be developed better than in National Parks. 
The beginnings of understanding may initiate with small details, 
such as are involved in distinguishing one interesting animal or 
plant from another. It is important to bring out these funda- 
mental aspects of the life problem in connection with the educa- 
tional program. 

A further point of great importance in connection with study of 
the biological problem of National Parks relates to the opportunity 
to study unmodified primitive associations of plants and animals. 
This is increasingly important as we come to recognize that civiliza- 
tion is rapidly wiping out, or fundamentally reorganizing, a large 
part of the biological complexes of the world. The adjustment is 
taking place so rapidly that only under special conditions can we 
expect any areas to remain long with the composition of fauna and 
flora which existed when the parks were established. The time is 
not distant when areas in which the original biological grouping 
remains unmodified will have the same relation to the surrounding 
world altered under the hand of man, that a Pleistocene or Pliocene 
biological complex or association would have if somewhere isolated 
in the living world today. 

The more deeply we study the living world, the more fully we 
recognize that what man has obtained from nature to meet his 
economic needs represents only a part of what might be secured. 
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The animals and plants forming the so-called domesticated group 
today are not the only ones that might have been domesticated. 
Their present status is due to a variety of circumstances, one of 
the most important of which is the fact that they are among the 
types long associated with man. Had the association been different 
the plants and animals domesticated might have differed in some 
measure. 

It is to be assumed that with the increasing needs and intelligence 
of man, research of the future will bring to our service groups of 
organisms now largely known as wild or weeds. The existing fauna 
and flora may include many forms which man will need in the future, 
but which will soon disappear unless considerable areas are pre- 
served intact—not merely intact as to certain species, but intact 
as to the whole association of organisms. 

No better illustration is to be found of the need for preserving a 
biological group unmodified than that which has become evident in 
the development of forestry. We are just now beginning to con- 
sider growing new forests in the place of those cut. It is sometimes 
assumed that all we need to do 1s to plant a tree in the place of one 
removed. But a forest is not merely a group of trees of one kind. 
It is an association of plants including many types. In order to 
grow a forest such as has been harvested we must know the original 
conditions which we seek to duplicate. The only fully satisfactory 
situation for the future will be one in which we have original forests 
available for study of their composition, and of the many plants 
and animals associated in them. 

What is true of the need for preservation of trees in a forest, so 
far as original association of organisms is concerned, is true of a 
large variety of associations of plants and animals regarding which 
we shall require information in the future. 

In National Parks with a wide variety of plant and animal types, 
and with the biological zones most remarkably developed and 
related in their origin to geological phenomena, there is reason for 
attempting complete preservation of certain relics of plant and 
animal life associations for the enjoyment and appreciation of 
the people, and for future needs in scientific and economic studies. 
There is no doubt that such reservations will ultimately be enor- 
mously important sources of information regarding life, and con- 
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cerning the principles that controlled its development before man 
began to sweep over the earth and modify it. 


SUGGESTIONS REGARDING SIGNIFICANCE OF PROBLEMS IN THE 
FIELD OF GEOLOGICAL SCIENCES IN CONNECTION WITH AN 
EDUCATIONAL PRoGRAM IN NaTIONAL Parks, 1928 


Much of the research and education which naturally develops 
in National Parks will relate itself to problems in the field of the 
geological sciences. In most instances, the great scenic features 
are fundamentally geological. Full value should also be given 
to the covering of vegetation, the beauty of the forests, and all wild 
life. Far too little has been said regarding these aspects of the land- 
scape. It is, however, important to realize that in large measure 
the great characteristics of National Parks are of the geological 
type. 

Under the circumstances, it is essential that the most careful 
study be given to the nature of the problems which must be con- 
sidered in research and to the character of material to be presented 
in educational work in National Parks. Many of the specific 
features are of such a nature that they thrust themselves upon the 
attention of even the most casual visitor. Such, mainly, are the 
elements which have to do with magnitude and the figure of the 
land, which may be in sharp contrast to that with which visitors 
are familiar in everyday life. In addition to these obvious elements 
there are many things for which the visitor is not able to obtain 
anything like a complete interpretation. These great problems 
of the less obvious type represent material which it is of the first 
importance that we understand and present in simple but adequate 
form to the visitor. 

With all that has been done in the general geological study of the 
National Parks there ts still a vast number of details and of specific 
questions regarding which we have little or no data. This is true 
even in the strictly scientific sense without relation to educational 
application. It is important that preliminary to educational work 
there be intensive study on all of these questions and on the sim- 
plification of these data for educational use. 

Experience in National Parks indicates that among the greatest 
of all questions that may attract the interest of the visitor are some 
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to which little or no attention has been given in the educational 
programs. The opportunity for study of geological problems in 
National Parks is one of the most important in America, and it is 
essential that there be leadership of the highest type for definition 
of the problems, as also for furtherance of researches, and guidance 
of the men to assist the public in understanding the material 
presented. 


THE MEANING OF THE NATIONAL PARKS 


EGARDLESS of the state of opinion as to essential qualities 

of National Parks, no one doubts that this system includes 

a considerable group of the outstanding natural wonders 
of America. Question is never raised concerning the value of the 
Grand Canyon, Zion, Yosemite, Glacier Park, or Sequoia as pre- 
eminent examples of inspiring, informing, and rejuvenating influ- 
ences in nature. 

The elements of primary interest in these parks are of many types. 
They include some of the greatest known illustrations of magni- 
tude, power, beauty, and antiquity. We know that their influence 
removes us for the moment from the wearing routine of the com- 
monplace, and develops an attitude of mind favorable to enjoyment 
of thought on our greater personal problems. No one who stands 
in the presence of the inspiring spectacle of Grand Canyon, or the 
beauty of Zion, or in the midst of the life of past ages at Sequoia, 
can avoid an opening of the mind both to wider interest in the 
meaning of nature and to its deeper appreciation. 

In another aspect these parks represent fully primitive nature 
controlled only by the conditions which produced the world as we 
have found it. Man’s works may be great and beautiful, but they 
are built upon what creation furnished. There is always intense 
interest in finding the materials of nature and the expression of its 
modes of operation in unmodified form. In this contact with the 
full primitive we recognize also a peculiar freedom for appreciation 
and enjoyment of nature. 

Visitors to National Parks commonly come with a desire for rest 
and freedom and the wish to learn. Few, if any, are without a 
definite measure of interest in knowing something of the unusual 
and inspiring things found there. In general the spirit is one of 
real inquiry. It is also clear that the visitor wishes to see and learn 
for himself, or through his own observation. 

Although the stories told by National Parks are almost infinite 
in number, the distinction between these parks and other areas 
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lies in the presence of features of special interest which attract the 
multitude of intelligent visitors. With increasing complexity of 
the problems involved in development of the parks, it is to be ex- 
pected that, from time to time, attention will shift from one im- 
portant objective to another, or may even direct itself for the 
moment to elements not involved in the program upon which the 
system really rests. It is easy to see that a feature which has to 
do solely with amusement, or another concerning the comforts of 
life, might become a lure to numerous visitors whose interest would 
initially have little relation to the main objectives of the park. 

Over a wide range of subjects in nature the National Parks pre- 
serve for us illustrations of outstanding interest and clearness of 
expression. In each instance a great story presents itself in a strik- 
ing way. In each case the story makes its immediate appeal 
through the inspiring influence of magnitude, or power, or beauty, 
and brings the visitor to question as to the cause. Nature unaided 
is here a great teacher, and the lessons are of unsurpassed impres- 
siveness. But beyond the easy reach of interpretation for the un- 
trained visitor lies a region of tremendous interest in appreciation 
of nature, for which the experience and guidance of trained and able 
men may help the visitor to a widened range of observation and 
understanding. In development of the National Parks system, 
full use and enjoyment depend upon the possibility of pointing 
out and interpreting the greater features which each Park repre- 
sents. It is essential that every visitor know the major oppor- 
tunities of his experience there, and how they may be used to best 
advantage. There should be full appreciation of the fact that 
adequate definition of these features will tax our resources of 
knowledge and expression. While one may sense the presence of 
great things, it is difficult to define or to describe them. As we 
stand in awe before the abyss at Grand Canyon, the geologist, the 
biologist, and student of genesis of scenery describe with measured 
exactness the events it represents, but in the end we find ourselves 
still struggling for expression of the essence of this greatness. 
Realization that complete definition is not attained does not relieve 
us of responsibility for making available to the eager ones something 
of what has been learned. We know that the wider the range of 
observation and of thought on the part of the visitor, the greater 
the opportunity for what Henry van Dyke has described as being 
lifted up “through wonder into joy.” 


THE UNITY OF NATURE AS ILLUSTRATED BY THE 
GRAND CANYON 


lation of materials makes necessary a degree of specialization 

which will give to each student close acquaintance with the 
facts bearing upon his problem. A true picture of nature can be 
obtained only if the investigator sees every angle of the physiog- 
nomy of each object examined. In this acquaintance there must 
be assurance comparable to the ability we attain in recognizing 
instantly our neighbors across the street, or our associates in the 
office. This must be true, whether we are considering sea-shells 
from remote areas of the world, or infinitesimal constituents of the 
blood, or barely attainable elements of the starry heavens. Lack- 
ing such knowledge, the judgment of science would be open to 
criticism as resting upon superficial observation. 

But intensive specialization brings serious consequences. The 
student of butterflies, whose soul is plunged into ecstatic tremors 
by the flashing wings of a rare species, may be wholly unresponsive 
to stimulation by flight of the swallowtail kite which throws the 
ornithologist into a state of great emotional exaltation. To both 
entomologist and ornithologist, the intellectual joy experienced by 
the pathologist in distinguishing from each other two types of 
almost formless bacteria may be almost incomprehensible. 

Not only may the characters or criteria vary in different groups 
of things to such an extent that the problem of one student is not 
appreciated by those in other fields, but each researcher tends to 
dig himself into so deep a hole, or to fly so high or so far, that often 
the greater world, with all the other little worlds in it, seems lost 
to sight. 

The day when the “naturalist’’ could know the details of all sub- 
jects is past, but the necessity of seeing the larger field is not 
less. Many of the major advances in science come through vision 
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of relationship among regions of research which appear widely 
separated, and yet are connected in a very real sense. So atomic 
physics of the laboratory has proved to be one of the most im- 
portant tools in study of the stars. In another direction there 
can scarcely be a wider gap in nature than that between astrophys- 
ics and problems of biological inheritance. And yet a singularly 
important question is presented by possibilities of influence from 
cosmic rays, assumed to arise in interstellar space, upon develop- 
ment and variation of certain elements in the living cell. 

Some of the greatest discoveries arise through association of 
persons engaged in study of widely separated subjects, but each 
sufficiently broad-minded to consider the relation of his work to 
that of others. Such advance depends in a measure upon experi- 
ence or training in fields of breadth adequate to open a vision of the 
larger picture. 

Appreciation of the need for considering each problem of nature 
in the light of its relation to the larger scheme of things may come 
from contact with any situation in science or in everyday life. It 
is, however, possible for us to live long without having this revela- 
tion of unity as seen through continuity in operation of natural 
law in time or space. 

Perhaps the earliest expression of this view of unity appeared 
in the idea of one God in Nature, instead of many warring deities. 
Certainly there has been no greater stride in human thinking than 
that which extended to the universe the type of coherence that 
modern science reflects in the law of gravity, or in the marvelously 
rigid adherence to rules of movement in light. 

But the world of thought is not a level plain. In it there are 
mountain peaks and valleys, and a sudden view over wide fields 
sometimes gives a startling vision. So with respect to interrela- 
tion of the elements of nature, there are places where the picture 
reveals with exceptional clearness the idea of continuity in law and 
interdependence of the features involved. 

If one were to take the instant wings of thought and flash 
through the universe of space and time and movement, it is doubt- 
ful whether within the range of these wide spaces there would be 
found another situation presenting as much of continuity through 
time and action as is seen in the cinema of earth history at the 
Grand Canyon. There may be other places on this earth that are 
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comparable. If so, they are few. We have no assurance that 
close similarity to this particular type of relationship will be dis- 
covered elsewhere in the universe. I have chosen to turn atten- 
tion to this concrete thing which touches both our intellectual and 
our spiritual life. I look upon it as a treasure house of science— 
an immeasurable influence upon human thinking and ideals. 

In this age of experiment we have established the idea that 
observation of a process is more important than speculation or 
calculation. The assumed laws or modes of procedure upon which 
we base calculation may be inexact. If so, the results will express 
this inadequacy. Experiment is only experience in a measure 
under guidance or control. 

History, whether relating to man or civilization, or to the earth, 
or to astronomy, is a record of experience. Time and the relative 
position of events in it represent one way of describing the occur- 
rences. This expression of experience indicates in some measure 
the laws which have governed action. 

To-day the world stands at attention when the astronomer stops 
in his task to tell us of the history or evolution of worlds, of plan- 
etary systems, or of spiral nebulae. Also, regardless of any pre- 
conceived notions, all mankind watches with intense interest 
whatever comes from investigations on the history of man’s long- 
extended striving to better his position and to deepen his knowl- 
edge. 

But nowhere in the universe of stars, nor in human experience, 
nor in any other phase of history, do we visualize in a manner more 
striking than that at the Grand Canyon the presence of moving 
events of history, with the reality and order of occurrence so 
visualized that one sees, as it were, the whole panorama in action. 

Astronomical measures of space and time reach to figures that 
we fail to comprehend. We are staggered by the statement that 
light moving at its terrific pace would require one hundred to two. 
hundred millions of years for passage from some of the more re- 
mote spiral nebulae to the earth. In looking out over space, the 
universe as we see it in different places actually represents different 
geological ages perceived at the same moment. At the Grand 
Canyon a vastly longer series of ages, or of different times, is vis- 
ualized at the same moment and in the same place. The events 
in the Grand Canyon story are, moreover, presented in such man- 
ner as to express continuity of action extending through them. 
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Outside the field of geology, I am not aware of any actual meas- 
ure of events in the universe, even remotely related to observation, 
which involves more than approximately two hundred million years. 
The story of the Grand Canyon, as seen in a casual glance, gives us, 
according to the geologist, a reasonable assurance of considerably 
more than one thousand million years. 

The geologist divides his story of the earth into the astronomical 
period and the strictly geological. For the first he depends upon 
the astronomer. There is no observatorial record of this part of 
the past. | 

The strictly geological record based upon actual relics which we 
may examine divides itself into three parts: first, an early or Archeo- 
zoic, in which the record is heavily defaced by influences that have 
almost completely changed the remaining materials. No traces of 
life are found in this rock system. 

A second period, or the Proterozoic, is represented by a vast 
thickness of layers formed upon the earth’s surface by processes 
much like those in operation to-day. From these rocks, resembling 
mud, sand and gravel of to-day, we have rare remains of life fore- 
shadowing that of the present. 

The third division of time, approximating in length the second, 
includes most of the great formations we meet generally over the 
world—tens upon tens of thousands of feet of strata, like deposits 
of to-day, and containing abundant remains of plants and animals. 

In a single glance at the walls of the Grand Canyon these three 
divisions of time are all clearly represented together. 

The Archean or the oldest rocks here shown are the torn and man- 
gled remains from an earth of so long ago that almost have the 
elements destroyed it. The mass was buried at times beneath so 
deep a load of sediment that it barely escaped complete alteration 
of every physical character. It was filled with materials that crept 
into interstices of its shattered body. It was squeezed into moun- 
tains and again lifted high till erosive forces in large part wore it 
away. What we have left represents time and antiquity as does 
perhaps nothing else that we may find in the universe. 

The twelve thousand feet or more of strata of the second great 
series, beginning at the bottom as it does with masses of rolled 
pebbles, including fragments of rocks from the first or earliest 
division, presents a picture of conditions not materially different 
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from those on gravel bars of the Colorado River near at hand. 
With all their hundreds of millions of years of antiquity, it was on 
an earth as of yesterday that these deposits formed. 

To the casual observer, this story of time in the canyon walls may 
appear broken by many gaps. But what might be called interrup- 
tions are only changes of scene. Where the rolled pebbles of the 
second great series rest upon the oldest rocks, they are mute evi- 
dences of an uplift during which mountains were formed and washed 
away—perhaps the greatest single story of the region. 

The relation of this seeming eternity of action in the story of the 
canyon to the physical processes of which it is an expression involves 
questions which we answer only in part. The natural forces that 
produced these changes are of two kinds: first, those movements of 
the outer earth which have lifted the continents and mountains; 
secondly, the agencies which have moulded the uplifted masses 
into forms of the land. 

Of the first element, the movements of the earth now up, now 
down, the canyon gives reality, though only partial explanation. 
But we are not ashamed to say we do not know, at any rate when 
gravitation, constituting an important phase of the problem, re- 
mains itself one of the greatest mysteries of nature. 

More easily visualized are the forces which have moulded the 
land. Often as one watches from the brink of the canyon, a cloud 
floating by is seen to lower a dark curtain of storm. In its path 
rain lashes the slopes, streamlets flow in the ravines, and mud- 
discolored waters begin their journey to the sea. This power that 
carves and wears the land, spreading the debris as record of its 
work, involves the wind that shepherds swiftly changing clouds, 
and all the features of the atmosphere. 

No one who sees this picture at the canyon fails to realize that as 
the cloud which shapes itself and vanishes, so runs the story of the 
land. The rocks we see are only fragments that remain from great 
formations of ancient time. They bridge the short span of eternity 
which lies immediately behind us. 

It is not possible to consider the geological story excepting in 
terms of the physical forces involved. It is also true that the nature 
of these elements is in considerable measure interpreted by the way 
in which they have operated geologically. In a sense the two 
problems become one. 
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To what extent the sources of physical power concerned lie out- 
side this earth is at the moment a question for discussion. Some 
hold that if not as a cause, at least as occasion, the effect of radiation 
from the sun, along with gravitational influences, may have bearing 
upon movements of the earth’s crust. The agencies which lifted 
the bulk of the great plateau high above the sea may, with participa- 
tion of gravity, have involved light, heat and electric activity, which 
also give life to the winds and clouds. 

The varied features of the scene are in reality one picture, from 
clouds to forming of the canyon; from the veil of beauty flung over 
it by shifting light to the immeasurable power that raised and bent 
the mountains’ mass. Whether it be scientist or only one who 
comes to glory in the work of nature, the value of every part in it is 
most highly dignified when seen against the background of an inter- 
locking group of elements, each most fully interpretable when 
considered in its relation to the others. 

The Canyon has long been a superlative spectacle without refer- 
ence to any direct relation it might have to the origin or becoming 
of life. To-day we see it not only as a place of great physical won- 
ders, but as presenting, embedded in its story, one of the most 
thrilling accounts of the adventure of life through the ages. As yet 
this story is largely unknown, waiting for those who will come to 
chart these wildernesses of the past. 

The record of life begins in the lower strata of the second series, 
the Proterozoic. It leads on up to the highest level of the walls. 
Then out across the Painted Desert and into the highlands to the 
north the story continues in still later strata. The multitudes of 
animals that favored the sea left their skeletons in myriads. Crea- 
tures that came out upon the land marked prints of their fingers in 
numberless thousands on sands of long ago which now form a part 
of the canyon walls. Dinosaurs pressed their feet into the soft 
surface, and the traces remained until we could come and wonder. 
And so into these millions of years of earth building the story of life 
is woven. 

The intertwining of these threads of coming life with those of 
earth evolution we do not fully understand. The relation is at the 
same time the greatest mystery and the greatest challenge of the 
region. 

In the presence of such overwhelming physical features as those 
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of the Canyon the living things of to-day that clothe the gentler 
slopes, or mantle the floor and the plateau above, may seem to have 
no greater importance than what we have known abundantly else- 
where. But they are of great significance in the larger story of the 
place, even if it is viewed mainly as a physical picture. In relation 
to study of the history of life, they express in striking manner some 
of the most interesting factors involved in the long record of living 
things entombed in the walls. 

As illustrating the idea of interdependence of elements in nature, 
the garment of life spread over the canyon is an outstanding feature 
of this great spectacle. 

In order that comment regarding significance of the life of the 
region to-day may be presented through concrete example, I have 
chosen to view the situation by way of a single incident. Riding 
through the forests of the North Rim on a recent journey to the 
Canyon, I saw a flash of black and white. The ranger said it was a 
“Kaibab squirrel, an animal peculiar to this area.” In the branches 
of a yellow pine we saw him well—a striking figure with tasseled 
ears and a plump, dark body contrasted with a long white tail. His 
closest relative, the Abert squirrel, was said to be at home in the 
same type of forest on the opposite margin of the canyon. Only 
the gorge of the Colorado separates the areas in which they pasture. 
But never does either member of the family cross the gulf. 

No one who sees these two closely related but strikingly different 
creatures, and learns that they live in areas separated only by the 
canyon, fails to ask how it happens that the boundaries of their 
range can almost touch without overlapping or mixing of the types. 
Is it chance that they resemble each other so nearly and are at the 
same time geographically so close? Did the two species migrate 
from distant regions to encounter this impassable barrier that 
prevented their knowing each that the other is there at the nearest 
point across the way? Or were the squirrels here before the canyon 
formed, or at least before it developed as a sharply separating 
chasm? 

That two animals, each of all kinds in the world most like the 
other, should journey to a region where they would be separated 
by such a barrier is possible, but only as a remote chance. That 
the ancestors of these squirrels were there before the gorge took its 
present form, and through this separation were divided into groups 
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that gradually came to differ, appears reasonable under certain 
conditions. It would seem necessary to assume relatively recent 
development of the canyon, and also that variation in characters 
comparable to what is illustrated in these types has actually taken 
place in the past. 

In examining the story of these two species it is important to note 
that not alone do the “Kaibab” and “Abert” squirrels show this 
interesting distribution in areas separated by the canyon. Asso- 
ciated with them, and separated geographically in precisely the same 
way, are types of spruce squirrel, chipmunk, ground squirrel and 
porcupine, along with others. 

Concerning the first assumption, touching barriers to migration, 
it might seem that the canyon has little significance as a bar to move- 
ment of plants and animals. Deep as it is, many lateral extensions 
of the gorge give entrance to its floor. So far as means of travel are 
concerned, there is abundant opportunity for animals of all types 
and sizes to reach the lowest level and climb the opposite bank. The 
torrential river is a hindrance, but many creatures could find their 
way over it by swimming. Others would be washed across on rafts 
of debris in periods of flood. 

But when the trained zoologist makes his census of life in the 
canyon according to location, he discovers that many animals com- 
petent to move freely up and down or across do not take advantage 
of this possibility. A map of the whole fauna and flora shows 
distribution corresponding largely to altitude and to physical and 
climatic conditions along the walls. In general, only the species of 
winged animals such as birds and bats extend across the gorge. 

The range of climate along the canyon shows the floor to be 
approximately twenty degrees warmer than the South Rim. In 
winter, one leaves snow above to pass down through spring into 
summer. In summer you leave cool nights at the rim to find a zone 
of tropics below. Standing on the South Rim and looking into the 
valley of Bright Angel Creek, at the bottom of the gorge, there is 
seen a region of mesquite, acacia and cactus with environment of the 
desert. Looking across to the highest land of the North Rim, you 
discover an area clothed with beauty of pine, spruce and aspen 
forests. Each zone of altitude has its peculiar conditions of tem- 
perature and of plant and animal life. 

How these belts of physical condition developed and how they 
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came to have each its peculiar life complement are questions in- 
volved in the inquiry whether the canyon and its climatic conditions 
always existed as we see them to-day. 

Some part of the answer as to history of the gorge appears in the 
fact that the strata in which the canyon is cut are in considerable 
part deposits such as form only on the floor of the ocean. The 
upper layer in the walls is composed largely of remains from sea 
animals. Included are corals and the teeth of sharks. The present 
position of this limestone, at 7,000 feet above the sea on the South 
Rim, ranging to 9,000 on the north side, and several thousand feet 
lower at the town of Kanab to the north of the Kaibab plateau, indi- 
cates an immense change of position through uplift and warping. 

While this movement of the strata was taking place, or subsequent 
to it, the stream cut its way across the mass. ‘The possibility of 
zones of physical condition developed as the region was being lifted. 
To-day the rocks of this area fill more than two-thirds of the habit- 
able space in the atmosphere between sea-level and the zone of an 
arctic climate at 10,000 to 12,000 feet elevation. These belts of 
climate were, so to speak, exposed by the river as it cut its way. 

Whether or no the squirrels were there before the canyon was 
excavated, there was a time when these climatic zones, with their 
possibilities of varying life, had not been developed. Ifthe squir- 
rels had been present in the region at any level of altitude before the 
canyon was formed, gradually they would have found themselves 
separated into two groups in areas divided by barriers unfavorable 
to intermigration. Or if great climatic changes occurred in the 
course of cutting the canyon the squirrels have shifted their habitat 
until they are now divided by a gulf of climatic differences corre- 
sponding to the magnitude of the chasm. 

The second assumption which seems a requirement, if we are to 
believe that present distribution and differences of the two types of 
squirrels are related to physical modification of the region, concerned 
evidence that animals have in the past changed to the extent of 
difference between these species. This question we may not answer 
fully by evidence at the Canyon, but most suggestive data are 
presented. 

In the same landscape which shows us such striking illustration of 
adjustment in present-day life associations to changing topographic 
and climatic conditions. we see a tremendous spectacle of life as it 
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was modified through the geological ages. This record of the rocks 
presents proof of abundant life through a vast period, in which the 
kinds changed many ‘times, and tended gradually to approach types 
living to-day. The strata in which these remains of animals and 
plants are buried give evidence that the physical conditions consti- 
tuting the environment of life varied markedly through geological 
time. In a manner keeping pace with these modifications in the 
physical world, the living things changed also. 

So in viewing the story of variation and distribution of the tree 
squirrels in the North Rim and South Rim areas, one comes always 
to the idea that the account is most logical when seen as an expres- 
sion of many interrelated factors. There appear to be included the 
influence of physical changes which we understand only in part, and 
of biological laws concerning which our knowledge may be even less 
clearly adequate. 

The more closely one studies the time panorama of the Canyon 
area, the more numerous are the problems raised regarding history 
of the relation between life of the region and its environment. 
Among the factors presented we can not avoid recognizing the 
connection between development of existing zones of life spread 
upon the walls and the physical changes that produced the gorge. 
Whether or no this relation indicates direct influence of these 
developing physical conditions upon the different life associations 
by which they are inhabited, they at least illustrate an adapting of 
groups of living things to physical conditions as they varied. In the 
same way it is difficult to understand the close relationship of species 
so clearly held apart by sharp geographic separation, without assum- 
ing that topographic and climatic changes are among the important 
factors concerned. 

The present status of scientific knowledge does not afford us 
evidence of experimental type indicating the manner in which the 
suggested relation between physical environment, varying through 
time, and changing biological characters has developed. We are at 
the moment in a stage at which we know that we can not dispense 
with an environment, and yet do not know precisely what the in- 
fluence of surrounding conditions may have been. But certain it 1s 
that no one can stand before this scene without being conscious of 
the fact that life as we see it in the landscape to-day mirrors the 
past and its changes. The unity of nature so strikingly illustrated 
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by intimate relationship between physical factors in this story is no 
less clearly expressed through linking of biological features to each 
other, or to development of the physical world in and through which 
life has grown. 

We have seen a picture of the Canyon as visualized by the scien- 
tist. But the deep impression which evidence of unity in operation 
of the forces involved makes upon the investigator may not be more 
important than that in the case of students of nature concerned only 
with what is sometimes called the human point of view. 

In some respects it is difficult to distinguish the phases of think- 
ing defined as scientific from those known as esthetic or spiritual. 
The stimulus which drives a great constructive worker in science 
may separate itself only slightly from that influence leading the 
master in art or literature to what he considers his mission. 

The scientist takes the impression he has received from nature as 
the starting point for an adventure in securing and interpreting 
facts. The ultimate result of his effort depends partly upon fidelity 
to the work of obtaining a knowledge of reality, and partly upon 
ideals relative to significance of the facts when brought into rela- 
tion to others. 

The great artist or the writer does not set for himself merely the 
task of describing form and feature of the thing he sees. He at- 
tempts to make clear also their meaning to him as an individual 
human being. In proportion to the extent to which his painting of 
reality is inaccurate he fails. But he fails completely if his inter- 
pretation does not present a true expression of its influence upon 
him, or its meaning to human kind as typified in his personal under- 
standing or feelings. 

It has been stated that nowhere more clearly than at the Grand 
Canyon does evidence of interrelation in elements and unity of 
action impress itself upon scientist or investigator. Through such 
visualization of nature seen as a whole we come often to realization 
that, even when enlarged by the lens of knowledge, the picture indi- 
cates the presence of something beyond that vision does not fully 
reach. So, in various other ways, artist and writer have presented 
the idea that, in looking upon these great examples of unity in na- 
ture, what we see may be only the shadowy expression of things 
greater still, which neither eye nor mind has yet been able to define. 


THE TREE IN THE ARCHITECTURE OF 
WASHINGTON 


NOWN over the world for high attainment in planning of its 
man-made structures, Washington 1s recognized also as a 
a “\ city in which the architecture of nature is given exceptional 

importance through varying expression in uses of the tree. Some- 

times these living columns set off features of imposing buildings. 

Again as spires they direct attention to a changing sky. Often 

they span the street in arches such as man has long striven to copy 

in his most inspiring edifices. Widely through the city these do- 
mesticated forests are controlling elements in the forming of vistas 
which give to human achievement in building much of its charm. 

In large measure the attractive natural parks of Washington 
are dominated by trees extending the quiet of a wilderness into the 
city’s midst. So effective is this penetration that sometimes within 
a few seconds one may go from noise of crowded traffic into shad- 
ows of a wood, where only damped sounds of pounding wheels serve 
to remind of the mechanical hurry in present-day civilization. 

Although, like organic beings, cities commonly grow without 
conscious direction, they must always meet certain needs of in- 
tensified use both as habitations and as opportunities for organized 
business. Special purposes of Washington make it the center of 
administration for a nation having extremely diversified interests, 
all of which are involved in the effort to organize a government by 
will of the people. Fortunately the general structure of this par- 
ticular city has been the subject of careful planning with reference 
to present and future needs. 

In considering the architecture of a city it is important to keep 
in mind that an organized unit of this type does not consist merely 
of streets and houses. It represents the collective features related 
to life and work, to maintenance of existence, to effectiveness of 
business, and to enjoyment of living by those for whom it may be 
either home or only a place of temporary occupation. 
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Just as a forest is not merely the ground upon which trees stand, 
but involves the composition, bulk, and movement of air blowing 
over it, the sunlight promoting its life process, the multitude of 
plants and animals surrounding it, and the bacteria which mould 
constituents of its environment, so a city is not solely ground or 
buildings. It comprises all the elements that contribute to make 
it a place in which human living can be conducted effectively with 
health, comfort, and well being. So Washington is not simply an 
areal plan or a group of inanimate buildings. It includes all that 
aids in development of its mechanism and function designed for a 
great national purpose. 

Situated midway on the Atlantic Coast, the climate of Washing- 
ton presents conditions intermediate in range of the whole country. 
In this situation use of trees may represent overlapping aspects of 
vegetation for much of America. It is essential that there be dense 
shade in summer, and that the blanket of verdure which shuts off 
heat and light in brilliant days of the middle year be removed to 
give comfort of the sun’s rays in winter. So, in planning the city 
its walks have been bordered by trees losing their leaves in the 
colder season, while the groves for use as quiet retreats in warmer 
portions of the year are largely made up of woods which give a 
maximum of light and sky in December. 

Special planting of trees has not contributed alone to comfort in 
summer and winter. By giving changing vistas and contrasts 
through the cycle of the year, it has also added an important ele- 
ment of variation to the program of city building. Street trees 
and groves range in beauty through the seasons from leafless 
branches against winter skies to the charm of opening buds in 
spring, the heavy green of summer, and the brilliant foliage of 
autumn. All that is expressed by the trees in their own right is 
also a contribution to contrast with architecture of buildings which 
are simple and beautiful, and yet sometimes cold and formal. 

In the scheme of humanly-designed structures the varying per- 
spective due to presence of trees contributes much. And to the 
three dimensions of space, there is added a fourth element repre- 
sented by changing foliage of the advancing year. Tinging it all 
is living color shifting with seasons and with lights and shadows 
of the day. 

The wider spaces designed for breathing or recreation, and for 
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stimulation by touch with natural beauty, represent an achievement 
of special importance in which opportunity for friendship with 
trees is one of the larger values. The quick shift from pressure of 
trafic and business to the relaxing influence of contact with the 
out-of-doors is a factor of real significance in the plan of this city. 

So it is, for example, that where Columbia Road, Eighteenth 
Street, and Adams Mill Road diverge, the length of one block sepa- 
rates a business cross-road from an elm-bordered avenue swinging 
suddenly down to the Zoological Park. Car lines and automobiles 
converge and diverge under guidance of automatic signals. Yel- 
low caution lights perch alongside stations of safety for those foot 
passengers whose fraction-of-a-second dash does not permit a com- 
plete journey across the traffic stream. Two blocks distant the 
grateful shade of a quiet grove brings the peace of nature. 

Passing down the road, the comfort of at least semi-solitude 
envelops one. The clank-clank, tlat-tlat of passing street cars is 
still audible, but as if from an outside world. Especially at this 
place rises the memory of Longfellow’s sonnet concerning restful 
seclusion of such a retreat, in his contrast of a busy street with the 
quiet of a cathedral:—“‘So, as I enter here from day to day, and 
leave my burden at this minster gate,...the tumult of the time 
disconsolate to inarticulate murmurs dies away,...” 

The comfort of the wood below seems not wholly due to absence 
of sound. Though trees do not talk back, and therefore never 
appear to be misunderstood, they express their own qualities in 
addition to what we attribute to them. While at times they may 
appear dull and lifeless, commonly they embody the joy of living. 

The beech trees which favor this road have an architecture which 
sometimes appears to lack plan and unity distinctive of their 
associates, the tulip trees. Again they may be tall, straight and 
slender, and in their mass show marked symmetry. The beauty 
seems not to be produced by one swift stroke, but is rather the 
result of cumulative effort. 

Although reaching always toward the sun, the beeches do not 
each time take the straightest path. Sometimes they sprawl in 
trunk and roots as if attempting to keep near the surface of the soil, 
and their graceful branches droop over the ground like wings of a 
mother bird. 

The stem of the beech is sturdy, establishing its strength in a 
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great pillar. In external modelling, the buttresses appear like 
huge muscles seen through a closely fitting skin. Contrasts of light 
and shade and color are accentuated by smoothness of the bark 
and often one sees sharply pencilled shadows of delicate twigs 
marking their clear outlines on the whiteness of the trunk. 

The grove through which one passes on the slope where the 
road leads down to Rock Creek can have a somberness approaching 
gloom when the trees are soaked in rain. Or in light of a gray day 
the trunks almost fade into mist. In bright, clear atmosphere the 
stems and branches have a tint of silver. The beauty of the place 
leaves on many so deep an impression that it remains in memory 
as “‘the silver forest.” 

The architecture of these trees fits itself to varying moods of 
seasons. Each period has its charm differing widely from that of 
other stages. We may dislike cold and rain, and be weighed down 
in spirit by bare, leafless poles of December woods. Yet for some 
who look through such a mass of naked branches there is conscious- 
ness of enhanced beauty in the sky beyond. 

Fall, commonly considered the season of melancholy, is perhaps 
the time of greatest splendor in the groves, the period of fruition, 
the stage of flaming glory of maturity. Flowers of spring and 
summer are replaced by the most gorgeous raiment of the year. 
Ships go down with colors flying. Forests greet approaching twi- 
light arrayed in their most splendid garments. 

No city has offered opportunity for development of a plan in 
which greater contribution to comfort and beauty could be made 
by use of the tree than is now possible in Washington. Experi- 
ence of the last half century brings out the nature of the problem, 
the many values of the tree in present living, the needs for the fu- 
ture. There has never been a situation in which the elements for 
contribution to understanding of a question of this nature were 
more fully represented or better organized than is true in Wash- 
ington today, with our great government departments engaged in 
study of forest problems, and with discussion of city planning con- 
tinuously active. 

There is a special challenge in the opportunity offered for increase 
of contribution by the tree toward evolution of the architectural 
scheme and betterment of living conditions in Washington of the 
future. It is desirable that all elements involved be centered in 
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development of this peculiar interest. There should be included 
every related phase of government in the city, the resources of all 
federal activities which touch this special problem, the specific 
opportunity for experimentation by the Forest Service and the Na- 
tional Arboretum, and the contribution of many non-governmental 
activities located here. | 

The influence of such a work would not be reflected alone in 
adding to comfort of living for the many who make this a place 
of residence. It would show its value as well in bettered conditions 
for constructive work of those who study federal policies as they 
concern the nation of the future. 


SCIENCE AND CITY TREES 
\ LTHOUGH modern city life requires such intensive occupa- 


tion of land as almost to eliminate natural features, we 

still hold to the idea that growing things constitute an 
essential part of our environment. Just as we see special value in 
features of primitive nature which were once considered obstacles 
in the path of progress, so, now that the tree and other living 
things have been pushed to outer limits of the city, we come to 
recognize their importance. 

The fact that today we long for the freedom of outdoor life, and 
appreciate more than ever the unmodified beauties of nature, does 
not mean that forthwith we shall give up advantages of civiliza- 
tion and return to savagery. Neither does loss of the tree from 
crowded portions of the city mean that in order to find a continu- 
ing place for trees we shall relinquish anything of real significance 
acquired in development of the great metropolis. 

Centuries ago, growth of cities resulted in narrowing the space 
for traffic until many streets became alleys. Modern transporta- 
tion and increasing height of certain structures has permitted 
widening city limits, allowing more space for dwellings in the 
peripheral portion, and at the same time broadening streets is 
permitted, giving increased air-space in the central region. 

Engineering development in cities has tended to eliminate con- 
tact with soil, dust, and mud by clothing the ground with concrete 
or asphalt. Such planting as remains has in large part established 
its relation to mother earth through relatively small perforations 
in pavements. The result has been reduction in possibilities for 
maintenance of existing trees and increasing difficulty in cultiva- 
tion of new plantings. The question has naturally arisen whether 
in the perfected city, protected from contaminating soil, the beauty 
of foliage and grateful shade of the tree can have an important 
place. 

Although we have abundant information regarding evolution 
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of engineering methods in city-building, we are not yet sufficiently 
acquainted with the growth-process of trees to know fully the rela- 
tions of living plants to light, heat, and elements of the atmosphere 
in a city; nor have we more than the beginnings of knowledge con- 
cerning requirements of the root-system and how it accommodates 
itself to the soil so largely covered by pavements. With all of the 
advance in study of vegetable growth, we are still far from having 
a knowledge of operation in the plant mechanism corresponding to 
our acquaintance with the steps by which flow of gasoline into the 
engine of an automobile can produce combustion, transmuting it- 
self into power applied in locomotion. 

The mechanism of a tree must be recognized as a vastly delicate 
and beautifully balanced organization. Science has given us a 
partial understanding of what takes place in its functioning, but 
the thing which we call life, represented in growth and develop- 
ment, is still among the greater mysteries. We must realize further 
that even when we determine the general processes of life and 
growth in a tree, there will still remain need for knowledge of the 
vast range of differences in which this mode of operation expresses 
itself in the multitude of types of trees with their variety of foliage, 
trunk, and root. Classification of plants has of necessity limited 
itself in large measure to study of flowers, leaves, and general struc- 
ture. There is still a large, unexplored field in the comparison of 
physiological processes of trees. 

When one approaches the problem of adaptation of the tree to 
changing conditions of the city there is faced, among numerous 
problems, the lack of information as to what the tree does and 
how it accommodates itself, and secondly, the need for information 
as to how different types adjust themselves to varying conditions. 

In addition to need for investigating habits of the tree, it would 
be important to know in as practical a way as possible the story of 
what has happened to trees through their direct relation to en- 
gineering development of a city, such as Washington, noted for its 
trees. Full records will tell precisely what has happened in en- 
gineering development, and when it happened. It is possible to 
learn the story of pavement, sidewalk, and the multitude of struc- 
tures in the form of sewers, gas-pipes, and conduits for electric 
wiring of various types which lie beneath the streets. 

Fortunately, there is also available in every tree a record of its 
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history. As the trunk forms, layers of wood build out around the 
stem. The accumulation for each year is generally clearly defined 
in contrast to that of the years preceding and following. Various 
conditions, such as moisture, heat, and light, which affect the 
growth of the tree are recorded in the wood. Favorable conditions 
accelerate growth; unfavorable ones retard it. This change of 
pace may be recorded in thickness of the rings of wood or in na- 
ture of the cells produced. Extension of any engineering feature 
in such manner as to influence the growth disadvantageously is 
recorded in the tree. 

To read the record of changing conditions in trees may be a diff- 
cult task, but science sets itself to obtain the solution of many 
problems, the answers to which seem at first beyond reach. The 
microscope and innumerable devices for measuring minute quan- 
tities have contributed to practical everyday life much which once 
seemed beyond the range of human ability. In an effort to learn 
what has happened in the history of trees in a city we would have 
both the record within the tree-trunk and the precise account of 
engineering operations. There could also be obtained from near-by 
yards the records of trees which were not influenced by engineering 
work. Taken together, these sources of information should give 
us a story of tree-growth as influenced by city development. 

Much has been done in study of how the tree can maintain and 
improve its place in the city. In addition to the large volume of 
data available, we may expect further contribution to fundamental 
knowledge of plant-growth, its variation in different types, and 
concerning the history of what has happened to trees in city build- 
ing. On the basis of such data, we may expect to formulate plans 
by which the tree will keep its close association with places of 
human habitation. 


EDUCATIONAL VALUES OF RECREATION 


WR CHAIRMAN, ladies, and gentlemen, I have a little fear that 
# in the enthusiasm for subjects which furnish my recrea- 

a tion I may be imposing upon you a discussion of some- 
thing with which you are already more familiar than I. 

There has been much written on the educational value of play, 
both as concerns the child and the grown-up. The contribution 
which I have been making to my own thinking relates more largely 
to development of the adult. 

In any discussion it is important to give definition of the things 
with which one deals. It is then possible to judge one’s purpose. 
I look upon recreation as largely concerning itself with rest or 
change of occupation in the therapeutic sense, or with activities 
which have to do with the building-up process, whether it be phys- 
ical, mental, or spiritual. Much which we class as recreation is in 
large measure attempt at self-expression. Most of the people in 
the world spend the greater part of their time in making a living, 
and only in so-called recreation do they find opportunity for ac- 
tivities which are wholly satisfactory to them. 

Education I should not attempt to define more than to say 
that to me it is a process by which we learn first of all what our 
capacities are, and what we may attempt hopefully. We assemble 
a few facts with which to work; we measure ourselves against prob- 
lems of the community; we learn self-restraint; and we attempt to 
see that the candle of our lives is somehow lighted with that in- 
spirational thing which we call interest. 

A small part of the time devoted to education may profitably be 
used in study of self-control. As a small boy, living in contact 
with Indians, I thought it a great thing to learn. When the town 
became large enough to support a band, I trained myself to sit 
reading a book with my back to the window without showing 
evidence of interest, while the band went by. This is useful, but 
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I do not believe that anyone has accomplished much in the world’s 
work merely by self-control. In last analysis, it is stimulus of 
interest that gives the greatest opportunity in life, and then self- 
control becomes important. 

Consider the difference between a child sitting in a schoolroom 
on a warm spring morning at about eleven-thirty, plodding away 
at algebra, Latin, or some other largely foreign thing; and then see 
the child a half hour later working himself to the limit physically 
and intellectually in our great American game of baseball. In 
the schoolroom he had reached his limit, couldn’t do another thing; 
on the playground he is an active, vigorous creature stimulated by 
the enthusiasm of a personal interest. 

I know that many of you have studied what to do with the child 
in order to bring into the educational program the kind of in- 
terest shown outside the schoolroom. It is not my purpose to 
suggest how we might change the educational program for the child 
so as to profit by advantages in the educational use of his recrea- 
tion. You have done that in many ways. I ought, then, at once 
to turn attention to the other aspect of the problem, namely, the 
educational value of recreation as it relates to the adult. 

I sometimes think of education with a definition different from 
that given a few moments ago; that is, as representing the continu- 
ing intellectual and spiritual growth of the individual. I look upon 
life as a process which stops when growth ends. When our mental 
sutures close there is no particular interest in living, and we cannot 
be particularly valuable to others. 

Looking upon recreation as a process by which we may shift to 
some other activity in order to build up physically or intellectually 
or spiritually, I see it, especially for the adult, as an opportunity 
for that kind of expression which concerns our deeper personal 
interests. 

One of the contacts which I have enjoyed in the past few years 
has been through relation to educational work as it touches out- 
door life in various activities, such as national parks, state parks, 
and city parks. In the course of this experience I learned that the 
man or woman who goes to Grand Canyon or Yellowstone or Yo- 
semite for a week’s vacation is cut off, for the moment, from the 
business of making a living. Nearly all of the small cares that 
make up a good part of our ordinary living are also left behind. 
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Under such conditions the mental and spiritual processes turn not 
only toward appreciation of nature, but toward enjoyment of 
intellectual life. Frequently, at such times, consideration is given 
to the greatest of our problems. The most intimate and deepest 
spiritual experiences may develop and great decisions be made. 

The spiritual process under these conditions is not just separated 
from life. It is based upon previous experience, and is a summing 
up of elements which enter into our problems. It makes possible 
clean-cut decisions that are not turned this way or that by exi- 
gencies of the moment. I discovered many people forming opinions 
relating to the most critical of all questions, intellectual and 
spiritual. 

A part of the function of national parks, as I see it, is to develop 
an environment in which this thinking may be carried on to best 
advantage. The situation concerns not only the natural features 
around us. It also involves opening opportunities for thought 
along lines which may be beneficial or constructive under these 
particular conditions. 

In thinking over this problem a few days ago, I hesitated a 
moment as to the precise title of the discussion. On finding that 
it was “educational values of recreation,” it occurred to me that 
it would be interesting to see what it would look like if stated as 
the “recreational values of education.” It seemed to me that this 
situation offers a real problem. 

When a man or woman goes into the open to ibe free from cares 
and to do thinking along the lines which are most important, you 
deal with the educational advantages of recreation. Why should 
we not carry back into the routine of everyday life the idea of hav- 
ing recreational joy from the things which are educational, in- 
stead of looking upon them as done in order to maintain our place 
in society? 

Whatever comes out of this particular period in the history of 
the world will include the idea that, after all, things of the mind 
and spirit are relatively important; and that there is as much or 
more joy to be obtained from them than from the rush of other 
things which have seemed to represent the acme of development 
in American life during recent years. 

I believe also that we are coming to a place where reasonably 
clear presentation of evidence, and an unbiased judgment, without 
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reference to money, will have value. I look back only a very 
short time to the period when some of my friends preached the 
idea that you couldn’t have a great war because you couldn’t 
finance it. When we came to the war, everybody laughed because 
we could have all the millions and billions wanted. We borrowed 
them from the next generation. Today we are wondering whether 
we really could afford it, after all. 

It is only a few months back to the time when we all wondered 
whether, after all, bonds were worth much compared with stocks. 
I remember sitting with a friend, discussing whether United States 
Steel Common, one of the greatest potentialities of the country, 
was a good buy at 170. It went to 260, and they laughed and 
said, “Why, it’s going to 360.”” I don’t know what it is this morn- 
ing—perhaps 26. 

We have been stampeded by judgments that had to do with 
accumulation and organization. I hope we are coming back to a 
time when all can say what a friend remarked the other day, 
“Well, we’ve not lost anything but money; all the things that are 
worthwhile we still have.” 

If we could now develop the recreational advantages of education 
and make this a part of the joy in life, we could at one time talk 
about the educational advantages of recreation and at another time 
we could urge the recreational values of education, or of the higher 


life. 
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PARKS AS AN OPPORTUNITY AND RESPONSI- 
BILITY OF THE STATES 


HE creation of parks as a responsibility of States of the Union 

has intimate relation to the basic governmental function 

of the States. Attempt to attain real understanding of the 
State Park problem, or to work toward constructive programs for 
the future, can mean little unless considered with this aspect of the 
question in mind. 

The opportunity of the States as contrasted with other aspects of 
governmental organization has consistently maintained a position 
of primary importance in our national thinking. Higher place 
has been given only to problems concerning personal liberty, and 
to certain essential principles which involve need for unity of 
action by all the people. 

In elaboration of our executive, legislative, and judicial ma- 
chinery, the Nation has steadfastly held in view the principle that 
Federal problems are limited to those which concern the welfare 
of the people as a whole and not any limited community. Of this 
type are the obvious requirements for immediate and unified control 
of relations of the country to other nations, or for military protection 
in emergencies not to be averted by statesmanship. Other ques- 
tions demanding Federal attention concern issues seemingly of 
limited significance, but influencing ultimately the well-being of the 
whole Nation. Such may be groups of factors apparently local 
but involving our national relation to a foreign power, or what 
may appear in particular cases to be narrowly circumscribed 
developments of disease in reality endangering the health conditions 
of the entire country. 

Present-day tendencies regarding desirability of liberty of action 
for individuals and groups is expressed unequivocally through 
study of business interests. Here we find the view that it is best to 
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avoid bringing under centralized governmental direction, or even 
under legislative control, any activity which can arise and maintain 
itself under private auspices and achieve acceptance as serviceable 
to the community. 

In the field of our fundamental convictions, as, for example, in 
religion and education, we have never varied from the view that 
there should be freedom of belief in accordance with wisdom and 
conscience. In education we have as a nation refrained from 
dictation, though always insisting upon truth as a guide. In 
science Federal governmental machinery has been used to help 
in solution of problems which could be met only by organization 
requiring concentration of community interests. So in agricul- 
ture, a field occupied by great numbers of individuals, with rela- 
tively small holdings and relatively limited opportunity for funda- 
mental research, the Federal Government has set up comprehensive 
and highly organized investigational work in the Department of Ag- 
riculture. On the other hand, in industries such as those concerned 
with illumination or telephonic communication, which tend natu- 
rally to highly developed organizations competent to study their 
own problems, the Federal Government contributes less of its 
centralizing effort. 

While, with each stage of advance in human organization, we see 
more fully the need of recognizing interdependence of individuals 
and groups, in general, modern government tends more and more to 
refer responsibilities back to the ultimate source of judgment, either 
in individuals or in groups with special common interests. This 
trend is concurrent with that emphasizing the need of education 
of the individual and of the group to full realization of responsi- 
bilities. The tendency through the ages is distinctly toward pro- 
motion of better understanding and acceptance of those principles 
which normally and naturally control human relations, rather than 
toward promulgation and enforcement of artificial measures or 
laws by centralized authority. 

The doctrine of State Rights was never intended merely as an 
objection to restraint. The element of liberty involved was essen- 
tially an expression and acceptance of responsibility of the smaller 
group to live its own life to the limit of advantage consistent with 
maintenance of similar privileges for others. 

There are in the United States today seven metropolitan regions 
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having each over 1,000,000 population, and a total of over 
19,000,000. There are ten other metropolitan areas each with a 
population of over 500,000. To understand the significance of 
these figures in discussion of the problem of State governments, it 
should be noted that these great concentrations present very many 
elements of unity, and that there are seventeen States in the Union 
with a population of less than 1,000,000 each, and nine States which 
do not exceed 500,000 in population. 

The result of this centering of population, of business organiza- 
tion, and of wealth, in cities naturally brings critical problems re- 
garding limits of social opportunity and governmental control. 
Especially do such questions arise in consideration of relations 
between the larger cities and the States in which they are situated. 

The relation between government of a great city and the State in 
which it is included is a question in the front rank of those urgently 
needing investigation. Whether in the future greater cities will be 
separated as units comparable to States, or whether it will be de- 
sirable to keep a balance between urban and non-urban types of 
population and of resources, 1s a problem worthy of most careful, 
constructive thought. The future of State government itself is one 
of our most important problems. There seems today a general 
drift away from centralization. 

There is reason to believe that in discussion of the various ques- 
tions concerning opportunities and responsibilities of the State, the 
problems raised through creation and maintenance of parks have 
comparatively clear answers with reference to relationship both to 
cities and to the Federal Government. There is, moreover, reason 
to believe that intensive study of these particular questions may 
give us light on the future function of the State. 

It is of course possible to bring into discussion of the State Park 
problem many elements of uncertainty arising out of differences of 
opinion as to the ultimate purpose of park reservations. I believe, 
however, that even accepting the most comprehensive scheme of 
park functions, there is small possibility for critical difference of 
opinion or confusion concerning the nature of the responsibility of 
the State, or of the necessity of having organization such as the 
existing State governments function in furtherance of the general 
purposes of the larger park program. 
lt Setting aside for the moment consideration of certain special func- 
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tions of parks as some may interpret them, there is general accept- 
ance of parks as presenting opportunities for breathing spaces, for 
outdoor life with physical recreation and relaxation, for opening of 
the road to health, for widening of our opportunity for education, 
for promotion of contemplation or individual thought under favor- 
able conditions, and for preserving sources of inspiration in great 
phenomena of Nature. 

In their origin parks concern mainly attempts on the part of indi- 
viduals, especially nobility or royalty, to eliminate the crowd for 
purely personal reasons. In recent time the cities, as among the 
principal promoters of park development, have recognized need for 
air and breathing space where crowding reached a stage of intensity 
no longer bearable. The result has been the appearance of gradually 
widening openings, in which the multitudes of city population have 
reasonable possibility for relaxation and renewed opportunity for 
enjoying the quiet of mind which comes through contemplation of 
nature. 

The great initial work done by cities has extended itself into the 
educational field. This is expressed partly through presentation of 
Nature in its varied forms, and as nearly as possible with its pristine 
beauty. City parks have also made valuable contribution in the 
field of human relations through study of problems of play and of 
crowd psychology. 

While parks of cities have naturally and properly enlarged them- 
selves so as to bring freedom of outdoor life and even beauty of the 
wilderness into the city walls, there has been little tendency on the 
part of greater centers of population to control or develop the larger 
outlying areas now so important to us in consideration of park 
opportunities needed for the future of the country. 

The purchase of certain small areas by various cities to serve as 
summer camps has raised the question whether cities will ultimately 
reach out to purchase and control the areas which their population 
might desire for vacation purposes. The problem will ultimately 
be discussed. The cities have, however, in general, based their 
programs for the larger recreational opportunities upon assumption 
that the Nation or the State will be initiator and organizer and con- 
trolling agency in providing against these needs. 

While, then, the function and jurisdiction of government in city 
and State may have in many directions relatively wide overlap, the 
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zone between them is defined with reasonable clearness, so far as we 
are concerned with the problem of those larger park reservations 
required for guaranteeing the wider recreational opportunities 
needed by an increasing population. As between these two agen- 
cies, the responsibility evidently lies with the State to provide for 
its whole population, including the concentrations in great cities. 

The contrast of responsibilities as between the States and Federal 
Government with relation to our needs for park areas is one in which 
the zone of nebulosity is wider than in comparison with the city. 
Yet there is no reason to believe that the ultimate definition of 
boundaries will be in doubt. There has never been question that 
the entrance of the Nation into the field of park development had 
as its essential purpose the dedication of certain areas illustrating 
expressions of natural phenomena of such exceptional type as to 
watrant their preservation for enjoyment and education of the 
whole people. It has never been assumed that the Federal Govern- 
ment would be expected to accept responsibility for providing that 
type of breathing space or recreation or education which has been so 
effectively developed through city parks. The kind of opportunity 
offered by National Parks is exemplified in the initial dedication of 
the great natural volcanic phenomena of the Yellowstone, the 
uniquely inspiring creation story of the Grand Canyon, or the 
majestic natural features of Yosemite. 

The normal variation in human application of ideals may be 
expected to leave a zone of differing opinion relative to field and 
function of National Parks. But the trend of public opinion is 
toward support of the program already so splendidly developed by 
National Park Service. 

Relation between functions of State and Federal Government in 
providing park systems seems to offer only slight possibility for 
confusion of issues or misunderstanding as to zones of responsibility 
or authority. 

In another direction the responsibility of the State for park de- 
velopment relates to, and touches, the functions of Federal Govern- 
ment as expressed in the recreational use of our national forests. 
The large areas of non-agricultural land occupied by national forests 
represent a domain in which there is under way a great work in 
protection and use of forests considered primarily as an economic 
asset. It has been inevitable that other functions of the forest 
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develop along with the primary purposes relating to timber utiliza- 
tion. Such are the possibilities for grazing, the responsibility for 
watershed protection, and the exceptional opportunity for utiliza- 
tion of these wild regions for recreational purposes. It is natural 
that within the forest regions, defined in accordance with these 
broader uses, there be areas of exceptional beauty, attractive both 
for their recreational advantages and for their educational and 
inspirational influence. 

In those States containing large areas of national forest the func- 
tion of the State in promotion of park development is influenced by 
the fact that national forests provide wilderness lands adapting 
themselves in a most satisfactory way to recreational and educa- 
tional purposes. It will no doubt be the continuing wise policy of 
the Forest Service to permit such use of these areas to the advantage 
of the public. It is also true that as time passes much of the terri- 
tory will naturally and properly be brought into economic use. 
The recreational utilization may continue, but the primitive aspect 
of the areas will in considerable measure be changed. 

Between the responsibility of the Forest Service for utilization of 
its economic asset for recreational purposes and the responsibility of 
the State to provide breathing spaces and recreational areas for its 
population, the line will be more and more carefully drawn with the 
passing years. It is important that we have clear understanding 
and recognition of such differences in function between State Park 
interests and national forests as will facilitate development of both 
programs with least waste of opportunity. 

Reviewing the points of contact or overlap between jurisdiction of 
the State and of the Federal Government, it seems clear that when 
we recognize the character of the specifically national program of the 
National Parks, as representing the outstanding expressions of 
natural phenomena, and the basically economic function of the 
National Forests, there remains to the State an increasingly im- 
portant responsibility to provide wide, permanent, and if possible 
primitive areas needed to guarantee the pleasures of outdoor life, 
physical exercise, relaxation, and enjoyment of nature. Through 
its parks the State should also care for many aspects of education. 
It may also properly furnish as its contribution toward the collective 
assets of the Nation many areas of natural features of limited or 
local extent which have national interest and value, but for which 
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the protection and control of the State can be developed more 
effectively and easily than would be possible for the Federal 
Government. 

The future educational systems of all the States will undoubtedly 
furnish increasingly wide opportunities for intellectual and spiritual 
growth of adults. The broad field of Nature will be recognized as 
one of the major assets furnishing stimulus of contact with inspiring 
original materials which can teach their own lessons. A well- 
developed State Park system closely articulated to the educational 
program of the State may become one of the most important instru- 
ments for use in educational advancement in directions in which we 
have as yet scarcely examined the ground. 

It has never been assumed that the Nation should pay the bills for 
swimming pools or ball fields or spaces merely for play. It has 
never been expected that the Nation would pay our bills for general 
education, even including those higher realms of knowledge repre- 
sented by universities of the State. There is every reason why the 
States of the Union should care for their own community problems 
of recreation, relaxation, education, and in considerable measure for 
inspiration. Where central governments enter the field of paternal- 
ism to the extent of handling matters which can properly be cared 
for by local communities, not only does this develop a tendency to 
lean upon the Nation for things which can be provided through 
self-help, but there arises also the serious danger of interference or 
dictation by central authority in questions which should be settled 
on the basis of personal or local initiative. So in the case of parks. 

As years pass the widening tide of population absorbs the open 
lands. Modern roads and transportation bring remote regions into 
easy reach. Just as cities waken to need for breathing spaces and 
the touch of Nature, so the whole country has roused to recognition 
of the necessity for plans, including not merely future preservation of 
abundant lands for outdoor life, but the guarantee also that within 
the boundaries of such areas primitive nature be protected and that 
its enjoyment be cultivated. 

The cities through their parks and the Nation through its parks 
and forests have pointed the way. ‘The States, first of all by reason 
of their local needs, see as their right and their responsibility the 
providing for present and future generations at a time when the 
work can be done effectively—a work that not done now may never 
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be possible. The States see also that not merely from local needs, 
but as a part of their contribution toward promotion of health, 
wealth, and spiritual development of the Nation, they have oppor- 
tunity and duty to make provision for the future. The work must 
proceed upon a scale indicated by studies of increase of population 
and of the needs of a people that may not be considered physically 
and spiritually static. We are a race in which satisfaction and 
happiness will depend upon the opportunity to make real progress, 
and not merely to maintain the things which are. 

Specifically in California, where a recent legislative program is 
being put into operation under wise guidance and most commenda- 
ble management, we see a region exceptionally favored with natural 
advantages both of scenery and climate. The great cities here have 
already set high marks of excellence for park and outdoor privileges 
developed under their control. The Nation has given exceptional 
advantages through great National Parks and broadly spread 
national forests. In past decades enormous natural resources of 
importance to the public for park purposes have been available 
through courtesy of individuals and private interest. But it is 
clear that the freedom of a frontier State may not be expected to 
continue for all future generations. 

There is reason to believe that in the present park program of 
California we have initiation of an enterprise second only to agri- 
culture in its relation to welfare of the State as a whole. It is of 
surpassing significance in its relation to general physical and 
spiritual recreation of the State. It will become increasingly valu- 
able for broader educational purposes, and will furnish a background 
for that development of science, culture, art and straight thinking 
which we all expect of this region. 


PARKS: NATIONAL AND STATE 


PREFACE 


HE two brief chapters of this paper have been brought 
together in response to request for a statement regarding 
function of National Parks and State Parks. 

The first chapter, entitled “National Parks and Ideals of the 
Nation,” was read before the National Conference on Outdoor 
Recreation on January 20, 1926, at Washington, D. C., under the 
title “The Responsibility of the Federal and State Governments for 
Recreation” and was printed subsequently in the Bulletin of the 
National Parks Association, Vol. 7, No. 49, March, 1926. This 
statement has been revised since the original printing. 

The second article, on “Parks as Opportunity and Responsibility 
of the States,’ was read in more extended form under the title 
“Parks: An Opportunity and Responsibility of the State,” before 
the Eighth National Conference on State Parks in June, 1928, at 
San Francisco, California, and was published in State Recreation, 
Vol. 2, No. 4, August, 1928. 

Grateful acknowledgment is made to the National Parks Asso- 
ciation and to the National Conference on State Parks for their 
courtesy 1n permitting separate publication of these articles. 


Carnegie Institution of Washington 
Washington, D. C. 
December, 1932. 


NATIONAL PARKS AND IDEALS OF THE NATION 


Our National Parks developed in response to a desire for guaran- 
tee of continuing opportunity to enjoy natural features that com- 
mand attention and interest of the whole people. The principles 
governing origin: “and growth of this system are in accord with those 
which guided in determining responsibilities of the Federal Govern- 


19 pp. Privately printed, Washington, December 1932. See ““The Responsibility of Fed- 
eral and State Governments for Recreation,” pp. 2165-2171, and “Parks as an Opportunity 
and Responsibility of the States,” pp. 2248-2255 of this volume. 
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ment. Considered from the point of view of governmental organiza- 
tion, it has been recognized that, with increasing bulk and complica- 
tion of machinery, it is not wise to centralize administration for 
aspects of nature that do not clearly require such handling. At the 
same time there has been appreciation of need for federal action in 
matters concerning regions and activities of importance to the whole 
nation, but for which adequate support and management can not 
be provided by other means. So National Parks have come into 
being to meet a national need. 

When the wild places were available to everyone, attention was 
not drawn to the necessity of guarding our opportunity for contact 
with primitive nature. Now that population increases and the 
wilderness disappears, we come to consider provision for this feature 
of normal life which has had so great an influence in forming our 
ideas concerning political and spiritual freedom. Such needs for 
touch with nature as relate to the Nation are met by the Federal 
Government mainly through two agencies: National Forests and 
National Parks. 

National Forests are administered with a view to making the 
maximum contribution through a wide variety of uses. Correlated 
with utilization of these great areas for purely economic purposes, 
there has developed a demand for their use as exceptionally favor- 
able regions for enjoyment of outdoor life. This situation presents 
one of the most important means for meeting our extensive recrea- 
tional requirements. Such opportunity in National Forests will 
doubtless be supplemented in time by similar handling of other 
large areas of publicly and privately owned forest. 

National Parks protect for use of the people areas containing 
exceptionally impressive natural features. The typical parks 
maintain their primitive character unimpaired. The highest pur- 
poses of use and enjoyment have been prominent in definition of 
their function. Need of opportunity for undisturbed appreciation 
of nature has been recognized through fixing wide boundaries. 

These parks have often been considered as designed essentially 
for physical recreation, and such use must be one important func- 
tion. When the first national park was created, large spaces were 
available elsewhere for purely recreational purposes, but the region 
selected was characterized by natural features of exceptionally 
interesting or inspiring type. The recreational use for which these 
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parks may serve takes place under conditions peculiarly favorable 
to development of mind and spirit as well as of body. It is these 
higher values that have furnished the reason for special protection. 

The ideal that has given the weekly day of rest so important a 
place in America has supported the better recreational phase of our 
life, not merely as a time to abstain from labor, or to secure physical 
exercise, but as offering also opportunity for spiritual reinvigoration. 
We are coming to learn that life is worse than useless if it does noth- 
ing more than connect a chain of circumstances permitting con- 
tinued existence in the physical sense without mental or spiritual 
growth. 

The shorter catechism states that man’s chief end is to “Glorify 
God and to enjoy him forever.” I always understood it to mean 
“enjoy it forever.” In the State of Iowa, from which I came, we 
learned early that it is not the chief end of man to raise more corn 
to feed more hogs to make more bacon to feed more people to rear 
more children to plant more corn—or any other similar cycle; but 
that it is a part of man’s normal life to appreciate as well as to use 
what he finds about him. The multitude of colleges in Iowa is 
evidence that this discovery was made. 

National Parks have developed steadily in the direction of educa- 
tional influence through use of the unsurpassed natural features 
which were the things that really brought about their creation. 
Having given more than forty years to study of special problems 
such as the parks interpret, 1 have some confidence in saying that 
for many purposes the purely educational value of these regions 1s 
beyond that of regularly established, formal educational institutions. 
Among the most important features are those which concern the 
nature of the earth, the manner of its building, the forces which 
have come into play, the meaning of the almost limitless history of 
earth-making as it is pictured. 

In viewing nature, the Psalmist said, “The heavens declare the 
glory of God; and the firmament sheweth his handywork.” What 
has been made presents itself in these parks in such manner that all 
begin to comprehend. Here is found also much that represents the 
unmodified primitive life of the world, remaining just as the Creator 
molded it over mountain and valley. Nature is said to be an open 
book for those who really wish to read, but there are grades and 
shades of meaning that may be hard to understand. There is 
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certainly no place where the leaves are spread more widely, or the 
print more clear, than in these portions of the book. 

With all that has been done by geologists and other scientific men, 
by central administration of the Government, and by officials 
concerned with immediate administration of National Parks, we 
have only begun to convey the really great lessons to the multitude. 
Science itself needs to know more fully what the story is, and then 
simplification and clarification must help so to carry the great 
essentials over that the visitor may read, and may interpret without 
depending upon the word of another. To attain such clearness of 
expression is to stand upon the highest plane of education. For 
many objectives this level can nowhere be reached more easily 
than in the National Parks. For adult education concerning nature 
we have here the grandest products of creation presenting them- 
selves as teachers. 

The exceptional opportunities of these parks require support that 
will guarantee the most effective use. In such a super-university 
professors would be only guides and not instructors, but there 
should be a faculty chosen from leaders in thought and appreciation, 
a group of men who, standing in the vivid presence of the Creator, 
would serve to point out the road. 

But the parks are not pictured adequately in the language of 
science as it is commonly known. In ways we have defined only 
imperfectly, they express elements of beauty and grandeur which 
lie beyond the realm of formally associated facts and logic. Partly 
does this attractiveness reside in that which stirs emotion through 
influence of esthetic values; partly it is recognition of sublimity in 
the power and order behind nature. 

I remember, some years ago, viewing the great mountain range 
at Glacier Park, thrilled with the living charm of forest and meadow 
and the cold brilliance of snow-field and glacier. But behind the 
splendor of this mantle over nature was clear revelation of the 
movement in creation—shown in the body of the range, which had 
been lifted and thrust forward many miles above the level of the 
plain. This act of building was the source of glory in the mountain. 
The overwhelming bulk and strength of cliff, with appeal of lake 
and glacier, represented only residual evidences of power exerted in 
this great work. And the garment lost nothing of its beauty 
through knowing of the majesty it clothed. 
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While National Parks serve in an important sense as recreation 
areas, their primary use extends far into that most fundamental 
education which concerns real appreciation of nature. Here beauty 
in its truest sense recelves expression and exerts its influence along 
with recreation and formal education. To me the parks are not 
merely places to rest and exercise and learn. They are regions 
where one penetrates the veil to meet the realities of nature, and of 
the unfathomed power behind it. 

I can not say what worship really is—nor am I sure that others 
will do better—but often in the parks, I remember Bryant’s lines, 
“Ah, why should we, in the world’s riper years, neglect God’s 
ancient sanctuaries, and adore only among the crowd, and under 
roofs that our frail hands have raised?” National Parks are places 
in which reverence is a natural attitude, and where we turn inevit- 
ably toward contemplation of the greater things in life, and in the 
world about us. They are not objects to be worshipped, but they 
are shrines at which we may worship. 

In contrast to the situation in National Forests, protection of 
National Parks is not supported by economic value. Today one of 
the questions of most critical importance in consideration of Na- 
tional Park policy concerns what is known as “complete conserva- 
tion,” or protection with all natural features unimpaired. In my 
judgment, not alone recreation as commonly interpreted—not even 
education in its routine aspect—can guarantee unbroken mainte- 
nance of primitive conditions in National Parks if great economic 
resources are involved, since both recreation and education can be 
made to operate along with economic use. But a function of such 
importance as to insure complete protection is, I believe, given in 
abundant measure through the higher educational and spiritual 
values, which offer the greatest and most noble uses to which any 
possession may be put. 

The problem of preserving park areas must be viewed from every 
possible side. Each need should be examined, and final decision 
made in accordance with the most fundamental requirements. 
We should never hesitate to submit a good case for judgment. In 
recent study of possibilities for saving outstanding groves of red- 
wood forest on the Pacific Coast, initial examination of the project 
found all the lands under discussion already in private ownership 
and marked for important economic operations. Consideration of 
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the higher uses for these groves brought about a situation in which 
the need for setting aside the finest regions was recognized, and the 
industries cooperated in working out a plan by which the desired 
areas could be protected. 

The Federal Government we see, then, as responsible for preser- 
vation, in National Parks, of areas which are unequivocally of 
national importance, and for administration such as will guarantee 
continuing use of these parks for the high purposes through which 
they can give unique service. 


PARKS AS OPPORTUNITY AND RESPONSIBILITY OF THE STATES 


The principles involved in creation of State Parks have intimate 
relation to basic governmental functions of the States. Attempts 
to attain real understanding of the State Park problem, or to work 
toward a constructive program for the future, can mean little unless 
considered with this aspect of the question in mind. 

The political opportunity of the States has consistently main- 
tained a position of primary importance in our national thinking. 
Higher place has been given only to matters touching personal 
liberty and to the requirement for united action on questions that 
concern the entire people. 

The result of centering population, business organization, and 
wealth in cities has naturally brought critical questions regarding 
limits of social opportunity and governmental control. Especially 
do such problems arise in consideration of relations between the 
larger cities and the states. The extent to which recreational oppor- 
tunities offered by cities may overlap those furnished by states 
presents an interesting problem for the future. 

While, naturally and properly, municipal parks have been en- 
larged so as to bring freedom of outdoor life and beauty of the wilder- 
ness into the city, there has been no extended program on the part 
of great centers of population to develop large outlying areas for 
recreational use. Municipalities have commonly based their plans 
relative to the wider recreational possibilities upon assumption that 
the Nation or the State will be organizer and controlling agency in 
meeting these needs. 

Although jurisdiction of City and State may ultimately show 
overlap, the zone between the two seems well defined with reference 
to park reservations required for guaranteeing the larger recrea- 
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tional opportunities needed by an increasing population. Re- 
sponsibility evidently lies with the State to provide these more 
extended areas for service to all of its citizens. 

In contrasting responsibilities of the States for parks and recrea- 
tion with those of the Federal Government, the zone of nebulosity 
is seen to be produced by factors quite different from those which 
divide functions of State and City. The types of opportunity 
offered by the Federal Government which most closely resemble 
activities of the State in development of parks and recreation are 
represented by National Parks and National Forests. 

In evolution of our governmental machinery, the Nation has 
steadfastly held in view the principle that Federal responsibility 
should be limited to that which concerns welfare of the people as a 
whole; not that of any limited community. As physical recreation 
is largely a personal or local matter, it 1s not to be expected that 
the Nation would care for obligations of this type, except as they 
are involved in other functions that are distinctly of national rather 
than local scope. 

It has never been assumed that, as a part of its special responsibil- 
ity, the Federal Government would consider providing for the type 
of breathing space or recreation or education that has been developed 
so effectively through city parks. Nor is there reason why it should 
control activities which can be cared for by the States in handling 
problems of recreation, relaxation, and education. A State which 
assumes responsibility of this nature increases opportunity for joy 
of living. Where a central government enters the field of paternal- 
ism to the extent of supporting activities that can be cared for by 
local groups, it develops a tendency to lean upon the Nation for 
things which can be provided through self-help. There arises also 
the serious danger of interference or dictation by central authority 
in questions that should be settled on the basis of local initiative. 
So in the case of parks. 

The kind of opportunity offered by National Parks we know to be 
exemplified in the initial dedication to public use of the great vol- 
canic phenomena of the Yellowstone, the uniquely inspiring creation 
story of the Grand Canyon, and the majestic natural features of 
Yosemite. While normal variation in application of ideals may be 
expected to leave a zone of differing views relative to field and 
function of National Parks, the trend of public opinion seems clearly 
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toward support of the program as defined by the exceptional units 
through which the system was established. That such areas are 
guarded by the Federal Government does not mean that States 
should deny themselves the privilege of preserving and protecting 
whatever of unusual interest or beauty in nature they possess. 
Exceptional opportunities open to the States will often be regarded 
as presenting possibilities for increase in pleasure and profit to the 
citizens, as well as contribution of service to other States and to the 
Nation. 

In another direction responsibility of the State for park develop- 
ment relates to, and touches, functions of the Federal Government 
in recreational use of National Forests. It was inevitable that many 
and varied uses of these forests would develop along with those 
concerning timber utilization. Such have been the possibilities for 
grazing, responsibility for water-shed protection, and the excep- 
tional opportunity for recreation. Within the forest regions, defined 
in accordance with these broader functions, there are areas of un- 
usual beauty, attractive for their recreational advantage, their 
educational value, and their inspiring influence. 

In states containing large areas of National Forest the function 
of the State in promotion of park development may be influenced 
by the fact that these forest regions provide wilderness lands adapted 
to recreational and educational purposes. It will no doubt be the 
continuing wise policy of the Forest Service to encourage use of such 
areas to advantage of the public. 

With passing years, the line will be drawn more and more care- 
fully between the responsibility of National Forests for utilization 
of recreational opportunities and that of the State to provide 
breathing spaces and recreational areas for its population. It is 
important that we have such an understanding of difference in 
function between State Parks and National Forests as will facilitate 
development of both programs with minimum waste of opportunity. 

It seems clear that outside the range of activities of the Federal 
Government there remains to the States an increasingly important 
responsibility to provide wide natural areas to be used in advancing 
the pleasures of outdoor life, physical exercise, relaxation, and 
enjoyment of nature. Through its parks, the State should also care 
for numerous aspects of education. In addition it may furnish 
properly, as its contribution toward the collective assets of the 
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Nation, many areas having national interest, but for which guardian- 
ship by the State can be developed more easily, and more effectively. 
than by the Federal Government. Over the centuries, it may be 
found that pride in use and control of things of beauty by the com- 
munities in which they are located will give exceptional guaranty 
of protection. 

Future educational systems of the States will undoubtedly offer 
increasing possibilities for intellectual and spiritual growth of 
adults. In this connection, the wide field of nature will be recog- 
nized as a major asset, furnishing inspiring original materials teach- 
ing their own lessons. A well-developed State Park system, closely 
articulated to the educational program of the State, may be an 
extremely important instrument for use in ways of which we are as 
yet scarcely aware. 

As years pass the deepening tide of population blots out the open 
lands. Modern roads give easy access to regions once remote. 
Just as cities have awakened to need for breathing spaces and the 
touch of nature, so the States are aroused to recognition of the 
necessity for preservation of abundant areas to be used for outdoor 
life, and for guaranteeing protection and enjoyment of our natural 
environment. 

The Cities through their parks and the Nation through its parks 
and forests have pointed the way. The States, first of all by reason 
of their own peculiar needs, see the making of provision for present 
and future generations as an opportunity and a responsibility at a 
time when the work can be done effectively—a work that not done 
now may never be possible. The States see also that, not alone for 
local requirements, but as a part of their contribution toward better- 
ment in health and wealth, and advance of spiritual development in 
the Nation, they should aid in providing for the future. The work 
must proceed on a scale indicated by studies of population and of 
needs in a people that may not be considered physically and spiritu- 
ally static. We know that satisfaction and happiness depend upon 
the possibility of real progress, and not merely on maintaining the 
things that are. 


A BRIEF GUIDE TO THE PARAPET VIEWS, SINNOTT 
MEMORIAL, CRATER LAKE NATIONAL PARK 


HE views from the parapet of Sinnott Memorial, if observed 

in order as numbered, present a picture of great forces in the 

past which have helped to develop the beauty seen today. 

The story of Crater Lake on the following pages is copied from 
labels describing the views seen through the instruments. 


ORIGIN OF THE MOUNTAIN 
View 1 


Tuis MountTAIn Is Part oF A TREMENDOUS SERIES OF LAVA Flows 


In late geological ages enormous flows of molten rock poured out 
over an area of more than 200,000 square miles, extending into 
Oregon, Washington, Montana, Idaho, Nevada, and California. 
These masses of lava came to the surface largely through great 
fissures in the earth. A typical section of such extensive flows is 
shown in the lava beds forming Columbia River Gorge. 

Numerous volcanoes in this lava region represent relatively late 
outpourings of melted rock through small openings. They have 
contributed only an extremely small part to the total mass of lava. 
The mountain at Crater Lake is one of these volcanoes. 


View 2 
BUILDING OF THE MouNTAIN 


The mountain 1n which Crater Lake rests was built by lava flows, 
poured out layer upon layer, and the piling up of volcanic ash, soil, 
deposits of streams flowing down the mountain, and materials 
carried by glaciers. 

Two sections of the mountain are shown by finders to the right 
and left of this box. The one to the right is Dutton Cliff, made up 
of successive layers of lava and volcanic ash; the one to the left, 


Leaflet prepared by a committee of the National Academy of Sciences and the Carnegie 
Institution of Washington as an aid to the visitor. 8 pp. Washington: Carnegie Institu- 
tion of Washington, 1933. 
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near Discovery Point, shows a series of layers consisting of lava, 
volcanic ash, and glacial deposits. Specimens of the rock from each 
of these sections are shown in this box. Both localities may be 
reached by trail. 

One can understand Crater Lake in its relation to the volcano 
only when the mountain is considered as result of construction 
extending over a long period, in which many changes took place. 


View 3 


LAavA OUTPOURINGS THROUGH SPLITTING OF CRATER Rim 


In addition to spilling out as broad flows of melted rock, it is 
common for the tremendous mass of molten lava in a volcano to 
break through the mountain side. The lava filling of such a crack 
or fissure is known as a dike. After it cools the material filling 
these fissures is often harder than the surrounding rock. Subse- 
quent wash of water may cut away the softer bordering material, 
leaving the hard filling of the fissure as a sharp ridge. 

Devil’s Backbone, seen through the finder at this box, is an illus- 
tration of a lava dike. 

A diagram of the mountain in this box points out other radiating 
fissures or dikes. Specimens of these lavas are also shown. 


View 4 


ACTION OF STREAMS AND GLACIERS ON THE MOUNTAIN IN THE 
Course oF Its BUILDING 


In the section of layers forming the rim of the mountain there are 
evidences of wash by water. In some places this is shown by cutting 
of valleys; at others by accumulation of water-carried ash, gravel, 
and boulders. 

The finder at the left of this box is directed toward a heavily 
polished and scratched rock surface on the edge of the crater. This 
type of wear is known to be produced by slow movement of ice 
carrying sand, pebbles, and boulders. Glacial polish and thick 
beds of material carried by glaciers are common around the moun- 
tain. They are present on the surface rock and seem also to appear 
between earlier layers, showing that glaciers were present at various 
Stages in the history of the mountain. 
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Broad valleys cut at various points around the crater are char- 
acteristic of glacial action. Kerr Notch is such an evidence of 
glacial erosion. It was through a similar ancient glacial notch that 
the lava at Llao Rock flowed out, as shown in the finder to the right 
of this box. 


FORMING OF THE CRATER 
View 5 


BrokEN EpcEs or LAYERS ON CRATER SLOPES INDICATE WIDENING 
OF CRATER IN ALL DIRECTIONS BY BREAKING 
Away or WALLS 


The edges of rock layers inside the crater wall are clearly exposed 
because they have been sharply broken around the entire rim region. 
This fracturing took place in course of widening the crater. In- 
crease in size of the opening at the summit of the mountain may 
have been caused by tremendous explosions, or by collapse of the 
peak, or by combination of such activities. The precise nature of 
the story is not yet fully known. 

If the activity of a volcano diminishes slowly, growth of the 
mountain may end in forming a symmetrical cone. If activity 
continues by spasmodic outbursts, explosions may blow away a 
considerable part of the peak. Other conditions may bring about 
undermining of the walls in such manner as to produce a wide 
cauldron-like crater, but without tremendous explosions. 


View 6 


LATEST STAGE IN FORMING OF THE CRATER, ERUPTIONS PRODUCING 
WizAarD IsLanD AND Two OTHER CONES 


If the lake were removed the crater would be seen as a relatively 
flat-floored cavity extending as a maximum about 2,000 feet below 
the present lake surface. In this great depression Wizard Island 
would appear as one of three small volcanic cones produced by 
pouring out of lava and cinders in the last period of volcanic activ- 
ity. Forming of the present floor probably involved many stages, 
during some of which the cauldron-like crater may have been occu- 
pied by wide stretches of molten lava, as in the “‘lake of fire,” at 
Kilauea, in Hawaii. 
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ORIGIN OF THE LAKE 
View 7 


The water of Crater Lake is derived from rainfall and snowfall 
over this crater region, together with snow blown into the depres- 
sion. The lake is not known to have outlet except by seepage. 
The conditions of evaporation, seepage, and precipitation are in a 
state of balance which makes possible this accumulation of water 
and maintenance of approximately this water level. If the region 
were at a different altitude, or 1n a different location, the lake might 
not have been formed. 

It is conceivable that in the course of late stages in its history, 
and under climatic conditions different from those of the present, 
the crater may at times have been filled in part with ice. 

Existence of Crater Lake was made possible by building of a 
mountain, in the elevated summit of which there could be formed a 
wide and deep cavity having no outlet, except by seepage, and no 
inlet. The conditions required for accumulation of a body of water 
with the peculiar beauty of this lake are furnished in a crater pro- 
duced by combination of those tremendous forces found in the power 
and heat of a volcano. 


EXCEPTIONAL FEATURES IN BEAUTY OF THE LAKE 
View 8 
CoLor AN OUTSTANDING CHARACTER OF CRATER LAKE 


The color of Crater Lake is generally recognized as the most 
attractive feature of this region. Among spectacular lakes of the 
world there are none in which depth of color and brilliance of blue 
are more striking. The blue of the deeper water is brought out in 
contrast with the brilliant green of shallow areas along the margin. 

The deep blue of the lake is believed to be caused chiefly by the 
scattering of light in water of exceptional depth and clearness. 
The color is thought to be due to the same cause that produces blue 
of the sky where light passes through deep atmosphere. 

The extraordinary beauty of the lake arises in part from its 
great depth, clearness of the water and of the atmosphere above it, 
and from favorable conditions presented in viewing it from the 
high crater rim. 


2270 PUBLISHED PAPERS AND ADDRESSES 


View 9 


BEAUTY OF THE LAKE IN RELATION TO ITS SURROUNDINGS 


A thing of beauty may have its value enhanced by the setting in 
which it appears; so the attractiveness of this lake varies according 
to conditions under which it is seen. In the same way the beauty 
of other things may be increased by relation to the lake. Of many 
possible examples illustrating relation between the lake and its 
surroundings the following have been found of interest to visitors: 

1. Beauty of color in the lake as seen through the screen of hem- 
locks from the path leading to Sinnott Memorial, and 
similarly as seen through trees at many points along the rim. 

2. Form and reflection of Phantom Ship seen through the finder 
next this box. Smooth reflecting surface of the water is 
necessary. 

3. Continuous changes of light produce a constantly varying 
picture. These conditions may be due to position of the 
sun, to the wind, and to reflections and shadows of clouds. 

4. Reflections of cliffs and other shore features. 


CONSERVATION AND EVOLUTION IN A CHANGING 
SOCIAL PROGRAM 


HE present national emergency has given us relatively 

high appreciation of three great groups of human prob- 

lems. The first touches immediate relief of personal suf- 
fering and unemployment. A second concerns the devising of 
means by which dangers to social structure and function can be 
stayed until new adjustment is made. The third has to do with 
relation of present specific difficulties to the underlying conditions 
that determine stability, decadence, and progress of society. 

In close relation to large-scale activities directed toward imme- 
diate relief of suffering, and operations designed to meet emergency 
conditions in business, effort is made to guide adjustment of the 
social program so as to give opportunity for constructive planning. 
While some see in favorable outcome of the present struggle only a 
possibility of return to so-called normal times, others accept 
readjustment as opening the way for progress. 

Appreciation of the fact that dangers of the present are due 
in part to inadequate understanding of many great social questions 
has brought demand for more knowledge and better vision. In 
study of major trends in the changing social order, it is clear that 
one of the principal needs concerns determination of relative 
values among the almost infinite number of factors involved. For 
practical purposes of looking ahead on such a great program we 
should know: 

First, what things represent essential and dependable elements 
upon which we can always build, and which we must therefore con- 
serve or protect. 

Second, what tends naturally to change or grow, and may be 
expected to continue its evolution. 

And third, to what extent human constructive or creative ability 
should contribute toward betterment of conditions. 


Address before the American Philosophical Society, March 2, 1934. Proceedings of the 
American Philosophical Society, vol. 73, no. 5, pp. 351-370, May, 1934. 
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Discovery of many evils in the institutions and activities of this 
period has tended to throw the shadow of suspicion over every- 
thing. And yet revolutionary overturn might be a more serious 
menace than existing evils. At such a time, knowledge of what is 
bad, and what may serve as basis for new building, and what must 
be looked upon as in a normal state of change, is indispensable, 
though to obtain it we require the most difficult among all types 
of judgment. 

The enormous extent of detail in existing knowledge makes 
mastery of the entire range of materials impossible for any indi- 
vidual. Need of specialization in every subject has involved the 
interests of students to such an extent that few have looked over 
much of what is available with even approximation to reality. 
Lack of vision over the broad scope of information already secured 
is especially regrettable at a period in which it is essential to have 
somewhere a comprehensive view of science, history, sociology, 
government, as well as those values which we call spiritual. This 
situation makes important any useful means of balancing values in 
terms of their continuing influence. 

As point of view is an important element in any discussion, it 
should be recognized that this paper is written from the position of 
one trained in science. But dangerous as is exploration by a sci- 
entist in the field of human values, it is also true that unless stu- 
dents in scientific subjects join with investigators of human problems 
to study relations among the several regions of thought, there is 
small hope for solving some of the questions for which we most 
urgently need understanding. It should be stated, further, that, 
in spite of need for specialization, science and the humanities are 
not separated in the world outside the laboratory. Somewhat as 
in the long-discussed “‘conflict of religion and science,” the assumed 
clash between natural science and social science is possible only 
when there is interference with normal exchange of ideas. 


CONSERVATION AND EVOLUTION IN RELATION TO NATURAL 
RESOURCES 


As seen by the student of natural science, what we call “conser- 
vation,” “evolution,” and the influences of human constructive 
activity have concrete illustration through our relation to nature 
and natural resources. In no other field do we have better appre- 
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ciation of need for understanding what is indispensable to us and 
requires protection, what must be allowed freedom for natural 
growth and development, and to what extent human creative 
activity may bring new values. In no other relation are values of 
conservation and evolution more clearly measurable in terms of a 
social program in process of change, or of a future for which we 
are not yet able to predict a conclusion. Although our relations 
to natural resources represent only a modest part of that com- 
plex group of problems so important in the present social crisis, 
they happen to constitute critical values in a number of the most 
significant emergency activities. These relations serve to illustrate 
point of view regarding conservation and evolution in our changing 
social program, and to emphasize the need for maintaining proper 
balance between these elements. 

Civilization seems in some measure to have accustomed itself 
to the idea that, having come into control of new lands, new re- 
sources, and the wild places which once dominated the earth, it 
has in that conquest made the best use of all the benefits to be ob- 
tained from this contact. So long as new wildernesses with their 
virgin resources were still available for discovery and harvest, need 
of providing against the future was not appreciated. Nor had 
there come clearly into public consciousness the fact that there zs 
a future against which to provide. Today there is realization that 
we see an end to this store of natural resources. Our desire to 
protect these possessions is now voiced in the word conservation, 
with its multitude of interpretations. 

Situations similar to that of the present have arisen through all 
history with reference to natural resources of various regions as 
they concerned soil, mines, forests, water and other materials. In 
numerous ways measures for protection have been devised. But in 
no earlier period has the world with its resources been mapped 
out in such manner as to call attention definitely to distinctions 
between what is replaceable and what is non-replaceable. There 
has been only partial realization that for some materials there is 
practically only one supply, made, so to speak, when the earth 
was formed. Nor was it at first realized that other assets, such as 
forests, should continue to reproduce themselves, or in one sense 
that their growth and evolution might continue. 

Conservation as the word has been used commonly in this coun- 


2274 PUBLISHED PAPERS AND ADDRESSES 


try concerns halting the destruction of resources and certain ques- 
tions touching ownership brought out in concentration of large 
public properties under private. control. Government moved 
only slowly to correct abuses which had to do with wasteful or 
destructive processes. It could and did act more quickly to halt 
the movement toward concentration of control over great natural 
resources passing into private hands without adequate return to 
the people. 

In the pioneering stage of this country it was possible to obtain 
land for farming purposes on comparatively easy terms. The 
profits were relatively sure, but not great in proportion to the labor 
expended. In the case of underground mineral wealth, difficulty 
of locating and testing properties was much larger. Operation was 
precarious business. At times the returns were of the bonanza 
type. The element of chance in finding and in realizing on prop- 
erties made the process in general difficult for all but those prepared 
to invest relatively large sums in the hope ultimately of obtaining 
that which could give adequate return on investment. 

In some measure the bonanza phase of operation was also to be 
expected in lumbering operations. Under methods involving 
harvesting of only one crop from a forest, large properties, large 
mills, and heavy investment seemed necessary. Methods which 
gave large returns generally involved also great waste, and fre- 
quently left only a bare landscape with little market value. 

Rapid harvesting of what were originally the people’s resources 
in natural wealth, along with concentration of these possessions in 
a limited group of owners, led to protest, to withdrawal of lands, 
and to modified control of development rights. It led also to better 
understanding of actual conditions of occurrence and to more care- 
ful study of procedure in harvesting. 

Had the government many decades ago been able to carry to 
greater lengths its intensive study of actual conditions from the 
view of natural science, economic development, and governmental 
procedure for developing of these natural assets, much waste might 
have been avoided. Better distribution of wealth would have been 
possible, and a larger return could have come to the people. A 
study of history in this field reveals much of interest bearing upon 
relation between the individual right to discover, acquire, and de- 
velop and, on the other side, the public interest and responsibility. 
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Perhaps the country could afford to have its extraordinary ex- 
perience in development and waste of natural resources in the 
period following the Civil War, if from this time on it can profit by 
the knowledge secured. But it should be clear that while expert- 
ences of the next stage of social development will grow out of situ- 
ations in the past and present, unless the world modifies its habits 
completely we should expect many further changes in the next 
stage. These will involve conditions not heretofore recognized. 
If we are to avoid comparable or more unfortunate situations in 
the future, in addition to a full understanding of what we should 
have known and have applied in the past, we shall require much 
additional information on these subjects from the fields of science, 
economics, and government. 


ConsERVING NON-REPLACEABLE MINERAL WEALTH 


Adequate protection of so-called non-replaceable resources re- 
quires all possible data regarding their origin, occurrence, manner 
of synthesis, and means of recovery or harvesting. We should 
have exhaustive studies on the whole range of uses and possibilities 
of replacement by more abundant substitutes. Science, economics, 
and business should join hands in such investigations. For the 
benefit of posterity, the continuing people should give such sup- 
port as is not easily furnished by private enterprise. 

At the present stage in our study of resources of the non-replace- 
able type the problem has two outstanding phases: one concerns 
conservation in the sense of material protection, or guardianship; 
the other relates to evolution in types of use, and the extent to 
which human constructive activity can give aid for the future. 
The nature and degree of protection will be dependent in consider- 
able measure upon the kinds of use. Use depends upon knowl- 
edge and desires of the people, and upon their wish to look upon 
the question as concerning their future. 

This discussion thus far has seemed wholly academic, although 
I believe that it states unequivocal truth, which is never purely 
academic. What has been said would apply practically in most 
details to any one of several resources. Oil, or petroleum, il- 
lustrates every problem when considered through its history of 
varying scientific opinions as to origin, nature of occurrence, po- 
tential chemical contribution, the adventurous story of its com- 
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mercial development, of waste, control of ownership, and now of 
effort for adequate guidance of production through governmental 
relation. What has been said regarding future possibilities requir- 
ing intensive study in every direction also applies fully to this 
case. That this is recognized is made evident by the wide and 
deep research on these questions by those most intimately related 
to industrial development of this group of materials. 


MAINTAINING VALUES OF THE SOIL 


The soil, the resource upon which man has been most dependent, 
has of all natural assets seemed the least susceptible to injury. 
We realize now not only that it suffers seriously through human 
influence, but that the damage may amount almost to destruction. 
Without considering what is taken from the ground through un- 
regulated crops, its fertility is reduced. With no appreciation of 
influence by tilling and lack of control for wash or drainage, ero- 
sion carries away much of its value. In absence of a vegetation 
cover, exposed areas may be subject to rapid denudation. 

Production of a fertile soil may represent ages of preparation by 
natural process. The work of man can go far to destroy major 
values within a few years. Wide studies of soil treatment and 
artificial fertilization have gone far to remedy some of the evils. 
The major effects of erosion over large areas have been a continu- 
ing menace to mankind. 

Erosion as a process results from interaction of two groups of 
natural activities, seen in geological forces expressed as movement 
of the land and in precipitation, of which neither can be controlled 
by man. Upward movement of the earth’s crust increases the 
power of running water to wash and cut. This process has been 
under way through hundreds of millions of years and can be ex- 
pected to continue for a comparable period. 

Regulation of erosion through control of drainage lines and vege- 
tation cover can be planned and guided by man. The influence 
of unwise tillage, and exposure of areas to increased wash, can be 
so modified as to limit the detrimental effects. 

Based upon thorough study of the factors involved, projects of 
the government designed to conserve fundamental values of the 
soil, and to preserve the soil itself, can contribute enormously to 
conservation of a resource which if seriously impaired can be re- 
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placed only with infinite difficulty. In this, as in other cases cited, 
the need of the moment is for basic knowledge in a wide range of 
subjects including geological processes and their application to 
erosion, also soil structure, soil physics and chemistry, climates 
and meteorology, as also plant cover and its evolution with ref- 
erence to soil protection. 

As in the case of other conservation problems, decisions regard- 
ing uses to which the land should be put have great importance. 
These questions require for their solution an understanding both 
of evolution in social organization and of the real desires, purposes, 
and aspirations of the people concerned. 

From another point of view it is important to bear in mind 
that while the progress of erosion and of soil formation is to be 
considered as a fundamental or basic phenomenon so far as develop- 
ment of our civilization is involved, it is also true that the process 
is evolutionary. Crustal movements and erosion processes go 
forward in cycles, which collectively give us a large part of the story 
of the earth through recorded geological time. We may adjust 
ourselves to the stages of these cycles in such manner as to continue 
use of the soil, but we can not halt the evolutionary development 
as it advances. 


PERMITTING CONTINUING GROWTH AND EVOLUTION OF THE FOREST 


Contrasted sharply in most respects with the conservation prob- 
lem as it touches non-replaceable mineral wealth are the questions 
involved in use of natural resources of the biological type. Among 
these features of our environment at the moment outstanding ques- 
tions are presented by forests and grazing. Of much significance 
for the future is also the conservation problem relating to wild 
plants and animals not now in practical economic use. 

The executive action of President Cleveland in 1897 which with- 
drew from private entry large areas of timber land under govern- 
ment ownership was prompted by discovery of rapid destruction 
of the forests. With subsequent government control harvesting 
of timber on these areas was carried out according to principles 
under which the forest was looked upon as a growing, reproducing 
feature, and not as a single crop to be gathered without reference 
to the future. The wooded lands came to be considered not 
merely as a resource of value for the moment, but as something in 
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itself subject to changes the understanding of which is essential 
to any plan we make for continuing use. 

In control of forests, as in administration of non-replaceable re- 
sources, it became necessary to obtain knowledge of every factor 
concerned. This involved the soils upon which trees grow con- 
sidered in the light of chemistry, physics, and bacteriology. It 
was necessary to know the story of climate and of associated plants. 
It became essential also to have acquaintance with every detail of 
structure, physiology, reproduction, growth process, and decadent 
stages of the tree. In ultimate adjustment to this information 
must come all practices that have to do with harvesting, or in any 
way touch protection of the soil, or concern the cycles of develop- 
ment in replacement of a forest. 


GUARANTEEING PROTECTION AND CONTINUING EVOLUTION OF 


WiLp LIFE 


Viewed at one time only as a plaything of the scientist or nature 
lover, wild plant life not now in economic use may become of crit- 
ical importance in evolution of society. That the domesticated 
plants upon which man depends so largely for food, clothing, pro- 
tection, medication, and many other values constitute all available 
elements of the plant world that have such value is extremely 
doubtful. 

The plant species at present in use were obtained by ancient 
peoples through ages of contact. Attention was centered on cul- 
tivation and betterment of these materials. Either emergency 
conditions or intensive research will bring out still other species 
having hitherto unrecognized values. 

During the Great War, when we were in search for rubber sup- 
ply, it was estimated that one billion pounds of rubber could be 
obtained from the rabbit brush of the arid region in and bordering 
Nevada. Perhaps future studies of land use will make desirable 
some development of this resource through bettered strains of this 
and similar plants in regions where other agricultural ventures are 
less profitable. 

One may expect that in future ages scientific discovery will give 
us yet undreamed methods for modification of the plant world to 
meet new human needs. But it is highly improbable that such 
researches will furnish us a range of new species comparable to 
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those now found in the wild flora that has been produced through 
hundreds of millions of years of evolution in the environment of a 
constantly changing earth. It is essential that guardianship of 
such relics as we have be maintained, and that careful research be 
directed toward study of possible resources for the future. 

So again in wild animal life, the great resource of game animals 
and other creatures remaining in the wild state deserves our pro- 
tection for possibilities represented in a multitude of uses. These 
range from food, recreation, and stimulating experience of the 
hunter, to interest in such life for its own sake that serves an in- 
creasingly important purpose as opportunity develops for us to 
turn again toward the values of nature. 


CONSERVATION OF GREAT NATURAL FEATURES IN THEIR PRIMITIVE 
CONDITION 


One of the most difficult, and yet in some ways one of the most 
important, functions of conservation at this time looks in still 
another direction toward preservation and protection of those over- 
shadowing features of nature which illustrate both the processes 
and the results that have contributed toward shaping the world 
as we find it. Such aspects of our surroundings appear in the 
power of natural forces, in the primitive life which has grown out 
of the creative process, and in great landscapes comprising the 
whole range of features in nature. 

The values maintained in this type of conservation or protec- 
tion, and the uses toward which they contribute, comprise an in- 
finite variety of things relating to aspects of life which concern 
our maintenance through food, shelter, control of power, and knowl- 
edge of the entire range of natural resources. In at least equally 
important ways they meet needs touching the things that are most 
strikingly characteristic of man, namely, his intellectual growth, 
his appreciation of beauty and sublimity in nature, and the desire 
to adjust his spiritual or religious life to what is known of creative 
influences in the world about us. 

It is a part of the task of science to make acquaintance with the 
elements of our natural surroundings. Nature is almost infinitely 
complex, and to know it adequately we must study its operations 
without the disturbing or complicating influence of artificial fac- 
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tors. So from time to time areas which present exceptional fea- 
tures have been set aside for complete protection. 

The manner in which various human uses may be intertwined 
in such possessions is illustrated in simple manner by the sacred 
forests surrounding ancient temples in China. These wooded 
areas seem to have been maintained partly to give protection to the 
temples, partly by reason of their beauty as frames for these struc- 
tures, but largely because they were places in which it was pos- 
sible to walk in quiet natural surroundings and to meditate on great 
questions of life and religion. This desire for contemplation in 
in the midst of undisturbed natural beauty, which made the preser- 
vation of these wooded areas possible, has brought most interesting 
results. | 

Dr. Lowdermilk, of the federal Soil Erosion Service, a close 

student of problems in China, tells me that the sacred forests are 
almost the only places in those regions where the natural features 
have been left undisturbed. It is here that he found opportunity 
to compare the original face of the land with the heavily eroded 
areas of today. It is in such forests alone that the beautiful 
maiden-hair, or gingko tree, which was once spread widely over 
the northern hemisphere, remains now for our use and study. It 
is here that, in the desire to maintain nature as nearly as possible 
in its original condition, certain areas, that have been used in 
some part to meet needs of the community, have long been treated 
by methods of forest conservation corresponding to what we are 
at this moment initiating as a national practice of the United States 
through the timber conservation policy. 
_ Protection of great features of nature which illustrate outstand- 
ing results of creation, or of the processes by which this work has 
been accomplished, is especially important when what is guarded 
remains in its primeval environment. Only with such conditions 
can we have real appreciation of nature at work, and of the condi- 
tions under which its activity proceeds. 


CONSERVATION OF NatTuRAL BEAUTY 


In addition to what might be called the creational values of 
nature which we may protect for future students, scientific, intellec- 
tual, and economic, strong emphasis should be placed on that 
significant phase of conservation covering the diverse elements 
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which human appreciation groups under the head of beauty in 
nature. On the assumption that beauty represents only an atti- 
tude of mind toward harmonious values, we must recognize this 
point of view as connected with that relating to the element of the 
sublime in nature expressing respect for things of magnitude and 
power. Though beauty may be dependent upon how we look, or 
the point of view which we take, the elements combined to form 
the picture of beauty and sublimity must be conceived as existing 
in nature and not wholly due to human imagination. 

So conservation as it touches nature should cover features repre- 
senting beauty and sublimity and the great group of influences 
which inspire us. Through this guardianship we protect ma- 
terials that serve as the source from which may develop critical 
elements not only of scientific thought, but of esthetic ideals, or 
even ideas of significance in growth of religious thought. 


_NEcEssity FoR Evo.tutTion or HicHEst ATTAINABLE STANDARDS 
or UsrE ror GREAT TREASURES IN NATURE 


Building of the National Park system of the United States offers 
one of the exceptional possibilities for preserving features in na- 
ture recognized as superlative from points of view ranging through 
economic and scientific to the esthetic, poetic, and religious. 
Maintenance of these values as they have been transmitted to us, 
and guidance of their use for scientific, intellectual, and spiritual 
purposes, constitute one of the unique responsibilities of the world. 

Proper development of the opportunity furnished for study of 
creation, its processes, and the relation of man to it will require a 
synthesis of all that we possess in science, in art, and in philosophy. 
The result will conceivably furnish a new aspect of intellectual and 
spiritual interest having large significance in the future develop- 
ment of our beliefs regarding the relation of man to nature. It will 
be an outstanding influence both in conservation of ideas and in 
evolution of ideals. So important may this contribution be to a 
world of changing and developing views that no effort should be 
spared to maintain the treasures set aside for this purpose. It is 
important to realize that adequacy of protection depends upon 
ability so to define the values and manner of use for what is in- 
volved that unwitting destruction will be avoided. 
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CONSERVATION AND EVOLUTION IN THE FIELD oF HuMAN 
ACTIVITIES 


In the region of nature we have come to an appreciation of our 
responsibilities for protection of basic resources, and for continu- 
ing study of their utilization in such manner as to meet require- 
ments in the evolution of our highest needs. We do not under- 
stand the balance of these functions fully, but we appreciate the 
significance of the problem. 

Within the special domain of human problems, determination of 
what requires conservation, what concerns evolution or develop- 
ment, and what is clearly the peculiar opportunity for man’s con- 
structive ability is more difficult than in examination of our relation 
to nature. There are nevertheless in the phenomena of life, 
whether considered as biological or in terms of human thought, 
certain things which the tests of time and experience show to be 
fundamental. In other aspects of life we find expectation of change 
and development or growth inherent in the situation. And again 
there are conditions in which the stage seems set specifically as 
opportunity for human creative activity. The possibility of or- 
derly movement in social development depends in considerable 
measure upon our ability to determine the balance which should 
obtain among these factors. This is one of the greatest of all 
human questions. 

The view that there are o basic or fundamental qualities means 
a situation in which changes will be largely dependent upon the 
momentary whims of individuals or groups. In common language 
this is chaos. On the other hand, inflexible adherence to the idea 
that nothing changes results in attempt to tie down the growing 
structure of society. The result is that sooner or later the bonds 
are rudely broken. Appreciation of the idea that society desires 
opportunity for progress opens the way for those processes of growth 
by which changes, sometimes slow and sometimes rapid, bring 
about normal evolution. 

The known history of the world permits us to visualize the en- 
trance of man into the scheme of things at some remote period, 
and to see him bringing a new constructive element. The coming 
of this influence gave added possibilities for organizing and storing 
knowledge, and finally for selective judgment. Whether one looks 
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upon the appearance of human kind as only another expression of 
the Creator, or however it be interpreted, with its coming a further 
type of vision opened in the world. With increasing knowledge of 
nature and of man himself, previously unknown combinations were 
made possible, and under these conditions forward building was to 
be expected in all later stages. 


OPppoRTUNITY FOR CONSERVATION AND EVOLUTION IN ABORIGINAL 
AMERICAN CULTURE 


In human application of conservation and evolution principles 
derived from study of nature, we find illustration of an activity 
having much significance today in a program under discussion for 
widening opportunities of life for the native or Indian peoples of 
this country. With differing views as to how this may be ac- 
complished, consideration is being given to adjustment such as can 
guarantee to the Indian the possibility of following as he may wish 
the ideas or ideals which his nature or his culture indicates as most 
desirable. 

Of the courses which can be followed one possibility looks toward 
early amalgamation of all the peoples of the country, and possible 
assumption of characteristics like those distinguishing the Anglo- 
Saxon people. From another point of view, there would be recog- 
nized in human nature an assortment of qualities which are in part 
expression of individual peculiarities, but in large measure repre- 
sent more fundamental strata corresponding to influence of in- 
heritance and environment. 

This particular problem concerns extent to which the aboriginal 
American may be given opportunity to develop on the basis of 
conservation of his fundamental characters, inclinations, and ideals. 
It involves also the extent to which in his evolution he should 
have aid in accommodating himself so far as he may desire to the 
conventions of European civilization. It has taken the cultural 
groups of Europe many generations to attain appreciation of the 
fact that the things which appear good to one nation, or in one 
culture, may not have comparable value to those representing 
development out of a different environment, and on the basis of 
different ideals. The world is still seeking for light as to how 
such problems should be solved. 
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SIGNIFICANCE OF CONSERVATION AND EvoLuTIon IN PRACTICAL 
QUESTIONS OF SociETY ToDAY 


When we turn to application of conservation and evolution prin- 
ciples as they relate to the particular problems of our civilization 
in this period of depression one can not avoid recognizing first of 
all the seemingly infinite extent and complication of forces in ac- 
tion. The picture is today so vast, and the factors concerned so 
little understood, that the problem is impressive by reason of al- 
most incomprehensible magnitudes and through recognition of our 
ignorance. The tremendous difficulties of the situation make it 
more clear at the present time than at any earlier moment in his- 
tory that, within reasonable limits, we must determine what among 
the elements of science, economics, government, and religion ap- 
pears to be firm ground upon which we can build, also what must be 
looked upon as in normal change or progress. And again we see 
that it is important to recognize those situations in which failure 
to act constructively might be tantamount to neglect of responsi- 
bility. 

With what may be called the modern fact-finding view, we ap- 
preciate that determination of what is basic and of continuing value 
and what is of progressive or evolutionary type can be determined 
only by intensive examination of the facts. In this effort the com- 
bination of science and history with consideration of moral and 
ethical values becomes important far beyond the degree of ac- 
quaintance with this relation in any previous age. We have too 
often considered as practical only the things of immediate or per- 
sonal significance. In reality practical values involve a wider 
vision concerning the highest truth and greatest good over the 
longer period. 

While the principles of conservation and evolution can not be 
expected to apply to the affairs of man in precisely the manner 
in which we see them ‘related to factors in nature, they are as 
clearly fundamental as in the remainder of the created world. 
This may be illustrated by the fact that in this country our political 
organization rests practically upon a two-party system consisting 
of a conservative and a liberal group. In general, one body stands 
more especially for conservation and development of certain great 
fundamental ideas or practices. The other inclines toward freedom 
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of action and to introduction of new elements. As political bodies 
they may almost completely exchange places, but the distinguish- 
ing principle remains. 

In another direction it is interesting to note that just as we have 
studied conservation of natural resources with reference to values 
involved in ownership, and in control, and have taken measures so 
to regulate conditions as to give better protection of values and 
wider liberty of opportunity to the public, so at this moment we are 
deeply concerned with what might be called the bonanza aspect of 
money-making illustrated by forms of high finance. Great for- 
tunes of the bonanza type derived from natural resources seemed 
in the past too frequently to represent private control of what had 
been derived from public ownership, with inadequate return to the 
people. Today we are concerned over possibilities of financial 
control which might permit gathering of large fortunes by methods 
not clearly representing true earning power. 

Study of means by which activities permitting great concentra- 
tions of wealth may be guided look toward protection of something 
which arises in large part from constructive activity of the whole 
people. The concentration of money power of the nation in the 
hands of a small group might center control of other activities, 
including educational and intellectual opportunity, or even guid- 
ance of ideas. The process involved in conserving freedom for 
action is in some respects not unrelated to conservation activities 
developed in relation to natural resources. 

We find in this age vigorous effort to eliminate poverty and 
secure opportunity for education and the broader view for all 
citizens. With this are coupled in some measure the activities 
designed to prevent great concentration of wealth by opening 
better means for its distribution. ‘These questions are all related 
to fundamental principles concerning right of the individual to 
live his own life and grow in proportion to his capacity for develop- 
ment. This condition has been described through the ages in 
many ways and in numerous languages. It has been called liberty, 
Or opportunity, or the pursuit of happiness. It rests upon ideas 
of life and government that involve both individual opportunity 
and responsibility to the community. The principles of truth, 
honesty, and brotherly love have worked themselves out slowly 
in relation to these aspects of control in possession of property, in 
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general human relations, and in government. They lie in a stratum 
deeper than laws or codes. It is the spirit of conduct and not the 
letter of laws that determines truth, honesty, and broadly all 
human values. 

Much of the struggle in which we are engaged at the moment in 
this country, and in the world, ranges within the limits of the few 
principles or questions discussed. The conservation and con- 
tinuing high use of great human ideals demonstrated over and over 
in history, but abundantly neglected in practice, is one of the most 
critical needs of this time. Standards of conduct are more funda- 
mental than any other bases of reference. ‘There is properly and 
necessarily strenuous discussion regarding intricate questions of 
economic and social organization, and this must all be given full 
consideration and much research. But in proportion to values in- 
volved, it sometimes seems as if there is less said about the funda- 
mental principles underlying right conduct of business and of 
human relations, individual, national, and international, than of 
immediate technical details that represent evolution of our social 
structure. We have just spent many painful years considering 
individual liberty as it touches constitutional rights involved in 
prohibition legislation. In the meantime the cause of temperance 
has at times appeared less important than the right to drink. 


EVOLUTION OF CREATIVE ACTIVITY IN RELATION TO WELFARE 
OF SOCIETY 


In considering more especially those features of present-day life 
that have to do with evolution of society and expression of human 
creative activity, science in its varying forms has been given a 
prominent place. Few other types of activity have been looked 
upon as having so large a responsibility for present lack of social 
adjustment. It is not that science has been considered in itself 
evil or destructive, but rather that through its advance there has 
come into the world an almost infinite number of new forces, meth- 
ods, and instruments causing tremendously rapid development in 
certain directions as compared with limited possibilities in others. 
The resulting unbalance has appeared to affect all aspects of human 
thought and activity. In a period of depression this relation takes 
on special importance. 

Question has naturally arisen as to the attitude we should take 
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toward these elements which tend to promote exceptionally rapid 
evolution in civilization, or in another view might be looked upon 
as over-emphasis on human creative activity. While this develop- 
ment has been most strongly expressed in the physical sciences, 
no phase of thinking, from physics to social theory, has failed to 
exert its influence through production of new materials. 

In the great mass of new information contributed by this con- 
structive work the product is such that under proper conditions of 
control it would be recognized as having large value. It is prin- 
cipally those things which are advanced or promoted without ref- 
erence to their wider or ultimate human significance that come to 
be looked upon as detrimental. This may be true of forms of 
energy, mechanical inventions, chemical substances, drugs, aspects 
of art and literature, or theories of social organization. 

We can not doubt that from time to time discovery and inven- 
tion have brought difficult social disturbance. The results are not 
unlike numerous known cases in which plants or animals have been 
moved into a region not adjusted to their presence, and have dis- 
turbed the balance of nature. Such is the story of the cactus, or 
of rabbits brought into the Australian region, where such types of 
organisms had not existed in this or any preceding period. At 
the same time there seems no question that with adequate vision 
these new products or advances in knowledge collectively are of 
benefit to mankind. They present possibilities for adjustment on 
new levels, and with widened opportunities for life. 

The control of new features will in many instances require a view 
such as can be obtained only by wisdom of the highest order. Per- 
haps we shall need the collective judgment of many minds related 
in an exceptionally effective way. In other cases the necessary 
action may arise from individuals concerned. To depend wholly 
upon values remaining through survival of the fittest, allowing 
things to take their course unguided, will sometimes involve fate 
of the product and on other occasions the interests of the people. 
Errors of ignorance in handling of such situations will be multi- 
plied by bad judgment, and may be increased almost infinitely by 
selfishness or neglect of the public interest. 

In ways not yet devised we need development of research, edu- 
cation, and vision which will give us machinery making possible 
the continuing evolution of society through creative activity, but 
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without increasing the dangers. Such a program will necessarily 
involve participation of science and engineering in its various 
phases, along with representation of all social interests concerned. 

Desire and ability to increase knowledge and extend creative 
work are normal and essential characters of an intelligent people. 
To halt such activities would be to limit that forward movement 
which is indispensable in a world of people whose happiness is in 
large part determined by their opportunities for progress. 

We have adequate knowledge from history to indicate that we 
live in a changing or evolving world, and this need not now be 
disputed or argued. We know also that adequate development 
through the varying stages of life depends upon the working out 
of great principles and ideas. As the movement continues we 
must retain and conserve the things which are fundamental and 
at the same time give liberal room for changing elements, with nor- 
mal evolution and creative activity such as enter at every age. 
With this continuing development there is no problem more im- 
portant than that of maintaining balanced judgment and means of 
adjustment adequate to progress with the minimum of loss and the 
maximum of value for constructive effort. 

Let us not be deceived into setting up an alibi through thinking 
that science has disturbed the values of truth, or that real business 
necessarily makes exchange and barter unholy, or that natural 
passion and art demean the spirit of man. Perhaps in application 
of principles of conservation and evolution to human affairs we 
need the voice of the preacher along with that of the scientist, 
engineer, economist, and student of government to tell us whether 
the scales of our judgment are properly adjusted. If such balance 
can be maintained as will give true appraisal of relations between ' 
major values, the way for progress will be seen as a wide and 
pleasant road. 


SCIENCE AND CONSERVATION 


HE conservation movement in the United States has passed 

through three principal phases. The first two concern the 

idea of protection as designed to prevent destructive ex- 
ploitation and undue concentration in private hands of properties 
derived from public ownership. The third phase relates to devel- 
opment of the highest use of resources. Exceptional illustration of 
this third aspect of conservation is given in discovery of new modes 
of utilization for petroleum. From consumption through burning 
of oil for light or fuel we attain a stage in which these products 
find a vast range of application in all manner of chemical com- 
pounds valuable for industries as also those having special applica- 
tion for medication. 

The relation of science to conservation has been important in all 
these phases. There has been large contribution in determining 
the occurrence and nature of natural resources. This has enabled 
us to harvest or gather the materials in such manner as to limit 
waste. In consideration of new uses science and engineering have 
had leading parts. These advances were made possible both by 
extensive application of available knowledge and by new researches 
in chemistry, physics, biology and many other fields of science. 
This program gave a vast number of products which have helped 
to make life more agreeable and more profitable. It increased the 
types of employment and extended the range of human interests. 
It is a responsibility of science to devote itself in the most effective 
way to fundamental and to applied research which may extend the 
uses of the vast resources with which this country is blessed. 

The term conservation has widened from its original narrow limits 
to express in a great variety of ways activities which have to do 
with maintenance and extension of values in many types of human 
activity. As asecond phase of this discussion, I think it important 
to call attention to certain conservation aspects of the great educa- 
tional program upon which advance of science depends. 


Remarks before the National Academy of Sciences, Washington, April 24, 1934. Science, 
n. s., vol. 79, no. 2057, pp. 496-497, June 1, 1934. 
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In our educational system we attempt to furnish for youth a con- 
centrated statement of available information and experience and 
to give a point of view which will make possible the most thought- 
ful and constructive attitude toward life. With particular refer- 
ence to science, we present an outline defining in some measure the 
nature of the materials and the forces which constitute the scene 
of human life. We are now beginning to realize that this effort 
depends for its success upon our ability to develop a program 
which will maintain its value through the period of maturity. To 
state the problem in another way: we support an educational sys- 
tem which should have continuing and increasing influence upon 
later life, and we find that unless special means are developed for 
maintenance of this influence, a large part of the original effort is 
lost for the period in which it should be most effective. The broad 
plan for continuing education of the adult to-day is designed in a 
measure for conservation of the values secured in early education. 
Along with this influence we seek to open the way for evolution or 
development of the individual through his whole life. 

As a third phase of this statement, it is important to call atten- 
tion to the fact that we need, just at this time, to protect as fully 
as possible the exceptional opportunity which has come to science 
and research for bettering conditions of life in nearly every aspect 
of human activity. With science in the wider sense, including 
natural science, social science and governmental science, having 
won high place in the world, we have reached a stage at which 
question is raised insistently as to possible disturbing influence of 
science and research upon the course of civilization. It is stated 
frequently, and from many directions, that the influence of science 
is in large part responsible for the difficulties in which the world 
finds itself to-day. We discuss seriously whether science is an 
asset or a liability. We consider the possibility that a moratorium 
be established on research. 

From my point of view there is no doubt that the opportunities 
offered for creative work are essential for maintaining the happi- 
ness of mankind. In one aspect of the question research may be 
considered the hope of a changing world, in that it offers a continu- 
ing supply of new materials with which to build and opportunity 
for adequate adjustment to shifting conditions. Seen from another 
angle, there is no doubt that the introduction of new ideas, how- 
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ever valuable they are intrinsically, unless guarded with extreme 
care, may produce unfortunate situations. What we call unem- 
ployment may be a result, not because research necessarily leads to 
unemployment but because of the difficulty in attaining imme- 
diate adjustment to things which may have great basic values for 
mankind. 

The situation which arises through introduction of new ideas in 
a world which has not been prepared for them is in some respects 
not unlike that which may occur in bringing a new biological ele- 
ment, or an element from another region, into a part of the world 
adjusted through millions of years to a particular biological bal- 
ance. The mongoose was introduced into Jamaica in order to kill 
rats. The experiment proved that the mongoose also kills all 
ground birds and destroys nests and may become an intolerable 
pest. The rabbit, a peaceful and in many ways useful creature, 
brought into Australia becomes a serious problem. So a new idea 
brought into use through physics or chemistry or study of social 
theory may come into a world not yet prepared for its use, and 
unless carefully guarded may contribute toward development of 
an unbalanced situation. 

With reference to the possibilities of unbalance, it is my feeling 
that we are faced at this moment with a need for what might be 
called conservation of opportunity for science. With the way 
open for enormous contributions, which may well bring blessings to 
mankind, we must protect or conserve the positive opportunities 
for advance through warding off dangers which might lead to 
restriction of constructive science. The situation of science 1s 
endangered by failure to set up such relations as will furnish the 
most careful guidance in the introduction of new elements arising 
from creative work. This protection, or conservation, of the op- 
portunity for great achievement, which intelligence has gained after 
fighting its way through tens of thousands of years, is one of the 
greatests needs of the moment. Development of means for ad- 
justment in this situation depends in part upon those who study 
mankind from the point of view of social sciences, in part upon 
economists and in part upon students of government. There is 
also an unavoidable responsibility resting upon science itself so 
to fit the contribution which it makes into the general scheme of 
human life as to give the greatest advantage with the minimum of 
possible disturbance. 


THE ORIGIN OF HENRY VAN DYKE’S POEM ON 
THE GRAND CANYON 


principal types of writing; one presents description or record 

of things observed, the other gives us personal or human 
impressions of what is seen. ‘Though description furnishes essential 
information, it may not give as accurate an idea of reality as is 
contributed through the medium of what we sometimes call human 
appreciation. 

For anything possessing as many extraordinary features as the 
Grand Canyon, it is not to be expected that an adequate represen- 
tation will be found in description alone. Nor is it to be assumed 
that any single statement concerning human appreciation will be 
wholly satisfactory for every one. The most effective picturing 
may be discovered in a human impression combined with details 
of description, or it may arise through expression of a human reac- 
tion that is in some measure built out of our inheritance from age- 
long experience in the spiritual life of mankind. 

Although the poet is commonly recognized as having such liberty 
in use of facts that his writings are not to be considered of special 
value as description of nature, at times his form of statement carries 
the effect of reality in a manner rarely attained by rigorously accu- 
rate scientific description. Such, for example, is the value of the 
following lines in Tennyson’s description of erosion: | 


I ITERATURE concerning great natural features includes two 


The hills are shadows, and they flow 
From form to form, and nothing stands. 
They pass like clouds, the solid lands. 
Like clouds they shape themselves and go. 


No other picture has presented so clear a vision of what one senses 
in the atmosphere and in changing forms of the land at Grand 
Canyon. 

Henry Van Dyke’s poem, addressed to “The Grand Canyon” 


“History and Exploration of the Grand Canyon Region,” Grand Canyon Natural History 
Association, Natural History Bulletin No. 2, pp. 7-9, November 1935. 
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must be classed among the greater efforts to formulate something 
of the impression made by the Canyon. The origin of these verses 
illustrates the manner in which a statement that is not narrowly 
descriptive may convey an idea of reality in terms of human appre- 
ciation, when an attempt to delineate elements closely might fail 
to satisfy the purpose in view. 

In a conversation with Dr. Van Dyke some years ago I learned 
that he had twice visited Grand Canyon with the idea of writing a 
poem such as was finally embodied in his well known verses. On 
each occasion, with all of the materials before him, he failed to 
develop a satisfactory description or conception and left, despairing 
of ever creating anything approaching his ideal. 

After his second attempt to produce a satisfactory picture of the 
Canyon, Dr. Van Dyke visited one of the Pacific Coast cities where, 
in an upper story of a large hotel, in the midst of the hurry of busi- 
ness activities, there came to him the ideas he desired. 

In giving the story of this experience, Dr. Van Dyke left with me 
the impression that, on his two visits to the Canyon, study of the 
multitude of beautiful and sublime objects immediately before him 
brought such a wealth of thought that selection and definition of 
the greatest attributes seemed impossible. 

Only when from a distance in space and time values of the lesser 
elements began to fade was he aware of the things so overwhelmingly 
important that their imprint on his mind remained clear and in 
proper relation to the picture as a whole. 

Among the lines in Van Dyke’s poem on the Grand Canyon that 
are especially impressive one finds the following: 


Thou vast profound, primeval hiding place 
of ancient secrets.... 
Art thou a grave, a prison, or a shrine? 


....A living silence breathes 
Perpetual incense from thy dim abyss. 


Yet no confusion fills the awful chasm; 
But spacious order and a sense of peace 
Brood over all. 


Who gave thee power upon the soul of man 
To lift him up through wonder into joy? 


Now far beyond all language and all art 
The secret of thy stillness lies unveiled 
.... Lhis is holy ground, 


Thou art no grave, no prison, but a shrine. 


HUMAN VALUES IN NATURAL RESOURCES 


ACH generation has opportunity for recording its name as 
benefactor of mankind. The possibilities for treatment 
differ with each period. At each stage the field must be 

examined, both to discover what previous work needs completion 
and to learn what new aspects of construction are required. 

In the study of mechanical, scientific, cultural, and experimental 
advances we are now attempting to learn the place of America in 
adding to things of value in life. Mechanical devices and new 
aspects of government will be placed to our credit. Is it possible 
that we shall also make great contribution in sciences, the arts, 
music, painting and literature, already so far advanced? De- 
velopment and creation in these subjects are due mainly to work 
in other countries. What may we expect to be the contribution of 
America? 

I have been thinking particularly on the relation of America to 
science as touching the field of nature, but not wholly with refer- 
ence to the point of view of science. In this country we have had 
among the greatest opportunities offered to any people for ad- 
vance in the study of nature. Within the past two generations 
we have been given a very extraordinary opportunity on the one 
hand for development of natural resources, in another direction for 
scientific or intellectual study of nature, and in still another direc- 
tion for a new statement of values in the spiritual appreciation of 
nature. 

I feel safe in stating that not in any other country has there been 
a greater development of natural resources than that in the United 
States in the course of the past seventy-five years. We have de- 
veloped forests, iron, copper, coal, oil. This has led to building 
up of great wealth, which in turn has been used in very many 1m- 
portant ways. 

In development of these natural resources there have come many 
difficulties, some of which we are just now attempting to smooth 

Address before the American Council on Education, Washington, May 5, 1933. 


Educational Record, vol. 14, no. 3, pp. 296-300, July 1933; in revised and abridged form, 
National Parks Bulletin, vol. 13, no. 61, pp. 5-6, February 1936. | 
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over by legislation. Along with the accumulation of the great for- 
tunes by lumber barons, coal kings, and oil operators, great educa- 
tional and scientific institutions of many types have been made 
possible. 

On the scientific side, as well as in the development of natural 
resources, there has been extraordinary advance in the United 
States within the last generation and a half. Out of this move- 
ment have come great men, and great ideas, so that in measuring 
the progress of science in America against that of other countries 
there will be a record of which we shall not be ashamed. 

In the development of our natural resources, the advance of sci- 
ence tended to promote a new phase of the conservation program. 
Conservation was initiated in order to obtain for the people title 
to many great resources which might otherwise have been absorbed 
by individuals, and in some part wasted. This movement at the 
beginning was mainly protective. In time there came a new as- 
pect of conservation which concerned promotion of the highest 
uses of these resources, such as is made possible by better under- 
standing of our needs and of better means for handling. So there 
came the advanced physical and mechanical development, which 
led to modern production in coal mines, iron mines, and forests. 
And there has come also the development of fundamental sciences 
underlying these various projects. 

Science, then, has developed along with the use of these natural 
products, and has given us a position in which we are obtaining 
relatively large values from our resources. 

But there is another extremely important aspect of the use for 
natural resources, and that is the phase which concerns interest 
in and appreciation of nature. It is not my purpose to discuss at 
length what appreciation of nature is, or the many directions in 
which it may go. I do wish to point out certain phases of the 
problem before us at the moment. 

Younghusband, the Himalayan explorer, said some years ago 
that nature presented its most favorable aspect under either of two 
conditions. One was nature completely under the control of man, 
as illustrated by the great estates of England; the other was nature 
completely primitive, as represented by the forests and mountains 
of the Himalayan region. I agree with him that there are these 
two exceptional conditions. 
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So in America today, in our use of nature for its spiritual values, 
we may view it either as under control of man, or as completely 
primitive, as God made it. We must also decide how far we shall 
go in this country in development of landscape art, protection of 
our roadsides, and the beautification of the country. Again we 
must decide what we wish to do regarding nature in its primitive 
state, where there is assumed to be opportunity for discovering 
what a Creator may have desired to do before man put his hand to 
the task of modifying the face of the land. 

Shifting from these points for one moment, there is another 
aspect of the problem of nature that should be mentioned, and 
that is not what we do to develop nature or to protect it, but 
what we do to develop our enjoyment of it. This is a region of 
thought in which great advance has been made in other countries, 
and to some extent in our own. Outstanding accomplishments are 
those of Wordsworth, and in some measure Tennyson with other 
English writers. Wordsworth stands out among them all. I saw 
recently on the fly-leaf of a copy of Wordsworth, lines from Mat- 
thew Arnold: “But where will Europe’s latter hour again find 
Wordsworth’s healing power?’ Does anyone equal him today? 

Wordsworth emphasized enjoyment of these things as coming 
from within. It was he who indicated that if interest in nature 
and pleasure in its enjoyment are once developed we have some- 
thing that gives a light in life wherever we may be. Such is the 
message in Wordsworth’s poem: 


Thanks to the human heart by which we live, 
Thanks to its tenderness, its hopes and fears; 
To me the meanest flower that blows can give 
Thoughts that do often lie too deep for tears. 


That is, to be sure, only a point of view, but it means putting 
into the lives of great numbers of people something that has given 
enjoyment and has a healing value, such as is perhaps not found 
in any other way. 

So when we come to consider what America is doing with refer- 
ence to nature, we are faced with the fact that we have developed 
our natural resources, we have made great fortunes, we are at- 
tempting to protect them in the commercial sense. We have used 
great fortunes for the development of science and of education, 
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and have benefited greatly in these directions. We are attempting 
to develop landscape art in order to express beauty through nature. 
If, for example, you go from this building into the park across the 
way, you will find something to gladden the heart at any time of 
day or night, or in any season of the year. 

We are also attempting to do what I believe to be one of the 
great, critical things needed in the world at the present moment, 
that is, to preserve somewhere something from the original face 
of nature in such way that later generations may at least know 
what the Creator was attempting to do when he made the pleasant 
lands, and the sublime regions where sometimes men worship. 
Protection and interpretation of nature in that sense give an op- 
portunity comparable to development of a great art like literature 
or painting. ‘There is here a thing of primary importance both to 
intellectual and to spiritual life of the future. Probably nowhere 
in the world at the present time can this be done so effectively as 
in the United States. We are just at the end of a pioneer period 
when we recognize that unmodified nature is vanishing. We have 
the money, and the energy, and the intelligence to do it. We are 
trying but we need guidance, and we need support to carry it 
through. 

There is no substitute for ideals or idealism in the development 
of a program of this nature; just as there is no substitute for the 
kind of idealism presented by Wordsworth, by Tennyson, by 
Ruskin, and others in matters concerning both relation of man to 
nature and significance of nature to man. We need at this mo- 
ment, as much as any country ever needed it, the development of 
that phase of literature, or shall I call it that phase of science, 
which makes clear the influence of nature upon intellectual and 
spiritual life. 

We need today an integration that involves science, the arts, 
and human interest in order to give clear expression to what is 
most significant in our relation to nature. There is no period in 
which the kind of influence that might be produced by such in- 
tegrated knowledge would be of more value than in a time of de- 
pression. In war we are stimulated to a high level of effort. 
Depression is a period when healing has its greatest value. 

Regarding the present political or economic situation, I am in- 
clined to be optimistic and to believe that we have turned the 
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corner. I sometimes wonder whether this is not due to the fact 
that nature, having passed again into the cycle of change, has 
brought us spring. There is nothing greater in the world than the 
expanding, freshening life of spring, wherever you may find it, 
in this land or any other, at this or any other time. 

Last fall I heard Alfred Noyes on a very interesting occasion 
make the statement that if spring could come but once, if there 
could never be more than one cherry tree to bloom or if it blos- 
somed only once in a thousand years, how the scientists and the 
poets and the artists would look forward to that day. How the 
world would gather to see spring open and the tree bloom. 


SEO ee ee ee 


SHELLEY AND MEN OF SCIENCE 


HELLEY exhibited almost unbelievable appreciation of the fact 
that what we see in the world about is only a superficial pic- 
ture of great elements in the background. His statement, 

“How glorious art thou, earth, And if thou be the shadow of some 
spirit lovelier still,” is only one illustration of this point of view. 
In referring to the great White Mountain of the Alps, he expressed 
the same idea in his lines: “The secret strength of things which 
governs thought, and to the infinite dome of heaven is as a law, 
inhabits thee!’ In these views in some measure he foreshadowed 
the present attitude of physics relative to what lies behind the 
infinitesimals of matter, and, on the other hand, he expressed the 
idea of something more than stark nature in the mountain mass. 
It would be interesting to know whether in the coming ages there 
will arise one able to present the intimate appreciation of nature 
with higher art than that of Shelley. 

I am a good deal concerned over the tendency of extreme special- 
ization in the world at this time. Many scientists are interested 
wholly in science. Others, concerned only with cultural activities, 
look upon culture only in the passive sense, rather than with the 
broader view that I wish to see taken. My own concern is that we 
develop the right relation between the peculiar urge of science at the 
present moment and that broad vision of knowledge represented 
by culture. I would say that if science is an attitude of mind which 
has to do with the securing of facts, and their organization and their 
presentation, culture is that highest refinement of our appreciation 
of knowledge in the most comprehensive sense. It is the attitude 
that represents the full view of things, covering all that touches the 
human mind, and putting each phase of knowledge in its proper 
relation to others. 

Experience in educational institutions made it clear to me many 
years ago that science has an increasing responsibility for bringing 
into our lives a better acquaintance with nature as we see it in every- 
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day experience. This may be done by learning to know the flower 
in the crannied wall. For many it can be accomplished by sight 
of some great thing in nature which shocks us into attention, and 
opens the windows of our souls so effectively that they never again 
close completely against the wonders and beauties of the world. 
The Grand Canyon 1s a place where the light of understanding 
strikes deeply, and one’s whole being is stirred. In that place 
most of the smaller things relating to our personal experience are 
not observed. It is the greater features involved in beauty of color 
and form, and in magnitude and force, that make the most profound 
impression. ‘There are few, if any, regions where sensuous beauty 
expresses itself with greater effect than is shown in the unmatched 
architecture, in the colors spread in ways we have not known, and 
in the varying hues of atmosphere and sky. There are no places 
where the measure of a physical abyss impresses upon us more 
deeply the influence of majesty and power. In his best vein Van 
Dyke wrote regarding the influence upon us of the great work done 
by the Colorado River in cutting the canyon, as he speaks to the 
river in the words: “Who gave thee power upon the soul of man to 
lift him up through wonder into joy?” 

Another attitude toward the world around us is that sometimes 
referred to as “companionship with nature.” Byron said he loved 
“not man the less, but nature more.”” Wordsworth remarked that 
“nature never did betray the heart that loved her.’’ Any person, 
without being a poet, philosopher, theologian, artist, may have the 
same feeling of relationship, never defined, but always in the back- 
ground as something valued beyond measure in the scheme of living. 
Colonel Tallboys in the play “Too True to Be Good”’ remarked, 
“Humanity always fails me. Nature never.” No work of art 
seems ever to have expressed in comparable measure the feeling of 
human relation to nature stated in the opening lines of Thanatopsis: 


To him who in the love of Nature holds 
Communion with her visible forms, she speaks 
A various language; for his gayer hours 

She has a voice of gladness, and a smile 

And eloquence of beauty, and she glides 

Into his darker musings, with a mild 

And healing sympathy, that steals away 
Their sharpness, ere he is aware. 
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To one who really appreciates nature, the facts used by scientists 
only increase our reverence. Many years’ study of earth history 
and of development of life have given me a philosophy of nature 
which some might almost call a religion. At the same time there 
has developed a deep sense of appreciation of the principles of har- 
mony and unity which seem not to be avoided in any careful study 
of the natural world as we find it. I have often been interested in 
noting that primitive peoples, lacking our high degree of culture 
and our vast accumulation of facts, may look upon nature with a 
freer imagination, and perhaps a clearer appreciation of what it 
really means, than is often true of intensely civilized man. The 
stereotyped scientist or philosopher may see only his isolated facts; 
whereas the man whom we call savage may see the world as a whole, 
and realize that there is back of it something which he knows he 
does not fully understand. 

One may not be surprised that Jefferson as a humanist was an 
intensive student of Indian languages. It 1s not generally known 
that he accumulated a vast amount of information on this subject. 
The loss of accumulated data was a sad feature of his later years. 
To the history of life in past ages Jefferson contributed one of the 
earliest publications in America, describing a strange, unknown 
creature from a cave in Virginia. Jefferson’s scientific observations 
and philosophy were direct and exact. It was in some measure this 
ability to take the wider view, and use the most penetrating vision, 
that gave such extraordinary value to all his contributions. Jeffer- 
son’s contact with nature and science crossed that of our great 
nature poet, William Cullen Bryant. At the early age of thirteen 
Bryant struck boldly at Jefferson’s embargo on American shipping, 
as also at his scientific propensities, in a poem, in which, speaking of 
Jefferson, Bryant writes: 


Go, wretch, resign the presidential chair, 


Go, search, with curious eyes, for horned frogs, 
’Mongst the wild wastes of Louisiana bogs; 

Or where Ohio rolls his turbid stream, 

Dig for huge bones, thy glory and thy theme 


It may be that the influence of Jefferson in turning the attention 
of Bryant to science in his early years had importance. In later 
life Bryant’s “Forest Hymn” presented one of the most interesting 
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of all American poetic statements on the development of nature in 
the words: 


My heart is awed within me when I think 
Of the great miracle that still goes on 
In silence round me—the perpetual work 
Of thy creation, finished, yet renewed 

Forever. 


The number of books on this subject which one might read is large, 
but I prefer suggesting two or three of unusual value because of their 
human treatment. In general, history has suffered from failure 
to present such a view as gives appreciation of continuity and growth 
or movement. Breasted’s “Ancient Times” is authoritative and 
humanly attractive. His recent publication on “The Dawn of 
Conscience” has an outlook of unusual significance to those who 
look upon man as constantly pressing forward to higher levels. H. 
G. Wells’ little book of many years ago under the title “The Dis- 
covery of the Future” connects past and future in an exceptional 
way. Wells’ “Outline of History” presents the story of mankind 
in such manner that one may not avoid thinking upon its meaning. 

Assuming that great poetry is an artistic statement of great 
truths, one must believe that the deeper view of nature appearing 
through science will have much influence in literature of the future. 
There has naturally been a feeling that the tendency of science to 
tear the world to pieces for study has resulted, as stated by Words- 
worth, in our 


Viewing all objects unremittingly 

In disconnection dead and spiritless; 
And still dividing, and dividing still, 
Break down all grandeur, .... 


But science is now at the stage where the pieces are being put 
together, and in the light of modern knowledge the power and 
beauty of the natural world increase continually. The elements of 
inspiration, which seemed lost in analysis, return with fuller strength 
when the pieces are brought together again. And with this process 
the world becomes a more wonderful and a more beautiful place 
than it could ever have been without this intimate understanding. 
The poets will follow this development of thought. 

In viewing the future of our country we are now taking stock of all 
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resources with expectation of better and higher uses for each. We 
shall find that science will show us many new ways of what Words- 
worth described as “getting and spending.” But, if for no other 
use than as a great resource in method, we should see that science 
is so developed as to give us better appreciation of all human values, 
even including the quality of mercy. 

Again, as science touches everyday life we may not avoid recog- 
nizing the significance of nature both as teacher and as companion. 
In our attempt to go forward to what we believe are the more satis- 
factory methods of living, we may not forget that the appreciative 
relation to nature is one of our greatest assets. This has been 
stated by inspired writers through the ages: Goethe, Wordsworth, 
Bryant, and many others. Science will help to develop this relation 
in many ways. It will aid in demonstrating the need for great holy 
places, as in National Parks, where nature should remain exactly 
as the creator made it, and without intrusion of the handiwork of 
man. Here the visitor will worship, and act in accordance with the 
request, “Be still, and know that I am God.’ Also science, with 
aid of the Wordsworths and Shelleys of the future, will help us all 
to experience those joys which even the humblest flower that blows 
can give, each day and everywhere. 


INTRODUCTORY NOTE TO “SAVE THE 
REDWOODS,” BY JOHN MUIR 


W N HIS intimate acquaintance with nature John Muir recognized 
# and loved everything that was natural and honest, but his 

™. interest focused upon the things which represented the most 
splendid expressions of creative power. Not only did he instinc- 
tively select for close personal companionship the elements of nature 
that had most to give for him, but, as no other western naturalist 
has done, he set forth their fullest meaning in the language of the 
people. 

Of all Muir’s special interests in nature, it is probable that none 
made to him a stronger appeal than the giant Sequoias of the Sierra 
and Coast Range forests. It was his firm conviction that they rep- 
resented the supremest examples of majesty among all living things, 
and his journey around the earth to compare the Big Trees with the 
trees of the world left him with settled conviction regarding the 
correctness of this view. For many years he gave himself to the 
protection of these “Kings of the forest, the noblest of a noble race.” 
At this time of national movement for the preservation of these 
forests through the Save-the-Redwoods League, it is particularly 
fitting that we present the sentiments written years ago, in support 
of just such a movement, by the friend who fought so hard, so faith- 
fully, and so long in this good cause. 
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STATEMENT REGARDING BILL CONCERNING 
NATIONAL ARBORETUM 


WR. CHAIRMAN and gentlemen of the committee, all that I 
f have to say relates directly to the problem of research. 
I recognize the importance of all that has been said with 
reference to the use of the arboretum for horticultural and other 
purposes, but concerning that aspect of the problem I am interested 
in the arboretum as a means of establishing a laboratory for the 
fundamental study of trees, and I am interested in the funda- 
mental study of trees because, with those of you who have been 
concerned with the problem of forestry in the United States, I 
recognize that there is approaching, unless we watch it carefully, 
what may become an emergency; that is to say, the experts in 
forest trees are quite clear that some time between 35 and 50 years 
from now, unless we handle our resources with very great care, we 
shall approach a stage at which the great forests which have been 
among the greatest assets of America will be practically cleaned 
out as far as the major production timber is concerned, and we 
shall be faced with a situation in which we must use something 
other than trees, or we shall find ourselves lacking in materials for 
building and for other purposes to which wood has been directed 
in the past. That emergency, I hope, will not arrive, because I 
trust we are wise enough to make provision against the day when 
such a catastrophe will take place in this country. 

However, there is no doubt that as we draw the lines, in other 
words, as we construct the curves to-day, the time is rapidly ap- 
proaching when our wild forests, from which we draw so heavily, 
will diminish almost to nothing. 

In the past the forests from which we have drawn our supplies 
of timber have been merely the mine or lode into which we have 
cut. The trees which we have used for timber purposes have been 
wild stock, and very little provision has been made for the replen- 
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ishing of the forest. Within a very short time in Europe, and to a 
certain extent in the United States, we have come to recognize 
that we must provide for new forests of a type something like those 
which we are now using for timber and for paper and for other 
purposes, but we have got to recognize that we are dealing in lum- 
ber and in the pulp industry solely with wild stock, whereas most 
of the plants with which we are concerned in general agricultural 
business are domesticated stock, and when we go back of the his- 
tory of agriculture we find that the plants which we have under 
domestication are plants which came under domestication through 
a long process of contact of men with wild plants, and that they 
were picked up accidentally and nursed along for hundreds and 
thousands of years before we came to know their full value. 

What has been done in the study of plants for human use is very 
much the same kind of process that the ancient Egyptians used 
when they wished to find out the best kind of building stone. If 
they wanted to know the material out of which to build a pyramid, 
they built a pyramid and allowed it to stand a sufficient length of 
time, and if the stone was good they used it for another pyramid. 
So in the working out of our program with reference to plants we 
have tried them out through tens of thousands of years to find out 
whether they fill our needs. 

To-day, out of the vast number of plants known in the world, 
we are using very few. Some have assumed that these few which 
we use were plants that were preordained by the Creator for hu- 
man use. ‘There is no reason whatever for such assumption. The 
probability is that a very large percentage of the plants which are 
not used, under careful study might be as useful or more useful 
than those which have been brought under domestication. The 
difference between the situation to-day and that in past periods in 
which plants have been brought under domestication is that to-day 
man is reaching out into fields of knowledge which are called sci- 
ence, for the gathering of vast quantities of data or of information 
previously unknown. It is only a short time back to the period 
in which men thought that most of the knowledge that could be 
gotten about nature had been brought together. To-day we are 
at a stage when we recognize that most of the knowledge to be 
obtained about nature is still to be obtained, and that we have 
relatively little of what can be learned. I suppose that if there is 
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any fact with reference to science that stands out beyond all other 
facts at this moment in the history of the world, it is our recogni- 
tion of the inadequacy of human knowledge and our recognition of 
the fact that most of what there is to be learned is still to be se- 
cured from study. 

Now, research is the means by which we go out into nature to 
secure facts. Research to-day has carried us forward with strides 
which we have not known in any past period. This is particularly 
clear, I presume, in the field of physical science. When we have 
such discoveries as electricity, the radio, the X-ray, and the new 
rays that come from space, we wake up suddenly to the fact that 
there are vast fields of knowledge, of which we have not had a 
glimmering of a suggestion as to what they mean. In the field of 
biology, we are still to a certain extent in that stage in which we 
feel we know the greater part of what there is to be known. Let 
me make only this comment, that the field of biology probably con- 
tains more facts unknown than has been true of the field of the 
physical sciences. But it has been easier to get into the field of 
physical sciences than into the field of biology, because biology 1s 
much more complicated, and, to us, a much more important sub- 
ject, so that I want to say that to-day we are facing a time when 
we are likely to receive, in the near future, a vast bulk of new in- 
formation relative to animals and plants. 

As far as that applies to the problem of the arboretum, what I 
have to say is this: We are to-day dealing, as far as trees are con- 
cerned, with wild stock. We know that we have relatively little 
information about trees all the way from the study of their struc- 
ture and their physiology and their variation, etc. We know that 
there is a vast stock of information to be obtained. We know that 
we are approaching what may be an emergency within practically a 
generation. We know that in emergencies people do not dig down 
into the foundations of knowledge and drag out facts which are 
needed. One of the great lessons of the war was that you can not 
develop fundamental research on the spur of the moment. Neces- 
sity may be the mother of invention, but necessity does not de- 
velop new fields of knowledge. One of the things which we learned 
in the war and which ought to be blazoned all over the temples of 
knowledge is that in an emergency the thing to do is to use the 
fundamental knowledge that you have, to best advantage, and not 
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stop to go into the fundamental investigation which requires dec- 
ades and sometimes generations to carry it through to a stage at 
which your knowledge becomes useful. 

To state the facts again, we are facing an emergency. We know 
that there is a vast amount of information to be obtained. We 
know that fundamental research takes time. We are just at the 
proper point to-day to begin the kind of investigation that is 
needed in order to meet the critical situation which will arise within 
a generation, as far as forests are concerned. 

Now, the Department of Agriculture is a tremendously effective 
instrument assisting this country to better its condition from year 
to year. The Department of Agriculture has done a very great 
work and is doing a very great work in the study of plants and in 
the study of trees. There is in the Government and in the city of 
Washington one of the greatest groups of scientific men that we 
know anywhere in the world, effective people, interested, honest, 
patriotic men, and they are doing all in their power to meet this 
thing which we see coming. One of the instruments which they 
need for utilization in their studies is a laboratory which will not 
be a place in which to keep dried specimens or keep chemicals, but 
a laboratory in which you will have a living plant and a living tree, 
where it can be studied under most favorable conditions from year 
to year, decade to decade, and from generation to generation. 

I support the arboretum bill because it is a means toward this 
very fundamental purpose, to serve the needs of mankind of the 
future, and a laboratory in which the biologist can conduct investt- 
gations under most favorable conditions. 

I support this bill not because Washington is the only place in 
the world to have such a laboratory but because in the first place 
it is a point at which the greatest group of scientific men is brought 
together, and it is, in the second place, extremely fortunately 
situated, in that it represents the overlapping of the northern 
and southern region, a place in which, while you can not grow all 
the plants that are found in the world, you can grow a relatively 
large number of kinds under very favorable conditions. 

A remark was made that I am a member of the National Acad- 
emy of Sciences, of the committee on forestry. That committee 
on forestry, in the course of the past two years, with the cooperation 
of the Department of Agriculture, has been planning a study of 
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certain very fundamental kinds of investigation basic to forestry. 
Recently the National Academy of Sciences appointed a small 
committee of very able men to make certain of those studies, and 
we have financed those investigations; but those investigations are 
of quite a different type from those which would be carried out by 
the use of this arboretum. They are investigations of a temporary 
character to furnish data for the future, not investigations such as 
would be carried through by the use of this arboretum. I sincerely 
hope that this bill will meet with your favorable action. 


WHAT SCIENCE CAN DO FOR FORESTRY 


Y INTEREST in forestry is twofold. It concerns something 
that I do not explain, an interest in trees and in forests, 
and also an interest in the application of fundamental 

research to the problems in this great field of industry. I ought to 
make it clear to you that I am not in any sense a specialist on any 
phase of the subject you are discussing. My only right to address 
you is, | presume, that I have been concerned with the organization 
of scientific research. Looking at this problem in the broadest pos- 
sible way, I believe there is and will be an opportunity for the ap- 
plication of the principles that are being derived from these studies. 

Please bear with me, as a person academic in a sense, talking to 
you, a group of practical business men, not so much upon questions 
of immediate importance as upon the things of the somewhat distant 
future. But I have never yet found that a group of business men 
concerned with large problems look only upon the present. Big 
business must involve the future. The men who are concerned with 
problems of the forest see farther into the future than most groups 
concerned with industry. 

My first point concerns a very broad consideration of the relation 
between science and industry. I look upon science from the view- 
point of common sense, yet realize that science in any organization 
attempts to reach out beyond ordinary experience, to bring in knowl- 
edge of the law of nature not previously available. 

The relation between research and industry is undoubtedly best 
shown at present in the contact of physical science with industry 
that touches power or mechanical organization. Fifty or seventy- 
five years ago the gap between science and industry was very wide. 
In my college professor days it was our custom to state that the ap- 
plication of the physical principle, which was the plaything of the 
professor in his laboratory, was to be expected in the next or in the 
second generation. Today that gap has been so nearly bridged that 
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the new facts which come from the study of the investigator in the 
physical and chemical laboratory go almost immediately into the 
stream of use. 

The relation is such that the great physical industry not only looks 
for these facts, but recognizes them as a part of what it capitalizes, 
and it deliberately organizes great laboratories in which it partici- 
pates, not only in the application of knowledge as it appears, but in 
the development of new information. Today the laboratories of 
certain of the great industries, General Electric and the companies 
related, telephone and telegraph, are among the greatest agencies in 
the world for the extension of knowledge. Not only is that the case, 
but the value of the underlying securities of many of these great 
organizations has its 100 per cent value because we know they are in 
touch with the development of science and are, therefore, in a posi- 
tion not only to grow, but to protect themselves against any possible 
discovery that might seem to invalidate their method of approach or 
utilization. 

A stage, then, has been reached in which, in the chemical and 
physical industries, the stream of new information goes at once, or 
almost at once, intouse. The development of these industries rests 
in large measure upon the progress of knowledge in the most funda- 
mental sense. 

Perhaps I might refer to the fact that the great industries con- 
cerned with the problems of physical power are so much interested 
in the investigations of agencies concerned with these subjects that 
they wait eagerly and are ready instantly to take and to use the re- 
sults, for example, that come from the Carnegie Institute’s observa- 
tory at Mount Wilson, California. 

On the other hand, the aspects of science and the industries that 
relate to life, including the whole range of agriculture, forestry and 
the lumber industry within that, are in quite a different situation 
relative to the contact between the investigator and the applier of 
knowledge. 

The life sciences—botany, forestry, zoology, anthropology and 
human behavior—are based upon fundamental laws, in which the 
basic principles are physics and chemistry piled together in such a 
way they make a complex we can’t quite understand. Yet we know 
those sciences are subject to development in the law sense just as are 
the laws of physics and chemistry in the physical industry. 
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In the ordinary life process of a plant or tree, one of the funda- 
mental things with which you and scientists are concerned is the 
problem of what we call photosynthesis, or the effect of light in the 
growing process of the plant. | 

In the Carnegie Institute we have one laboratory devoted entirely 
to this subject. We havea small group of men, the ablest men to be 
obtained. They have been studying the world situation of research 
in photosynthesis. They know there is chlorophyll, a green sub- 
stance, in the plant. They know that light comes in, that certain 
simple chemical elements are there, and from that contact or that 
combination there arise the things that make much importance in 
the chemical and life products of the plant. What happens we do 
not know as yet. We know the process is one that is called catalysis, 
in which a small amount of a certain substance takes up these other 
things, molds them and sends them on their way. We have located 
some of the catalyzing agents. We have investigated their chemical 
composition. 

I am sincerely hoping that within my lifetime we may make 
some of the next stages; maybe we shall not. If we do discover 
what happens, we shall not only have one of the most fundamental 
of all the things that possibly could be learned about the plant, but 
we might be able to take the same process and set it up for opera- 
tion somewhere in the laboratory. At any rate, we see here is a 
great field, one of the greatest in the whole range of science, and if 
this problem could be solved we would be in position to do a lot 
of things that forestry wants to do at this moment. The point I 
am making just now is that biology, the life sciences, botany, agri- 
culture, forestry, represent so complicated a group of interests that 
the gap between the investigator and the applier is relatively wide. 

Turning to the situation in forestry and its relation to research: 
it is not my business to attempt to classify your activities, but from 
my own point of view it is necessary to do so or I might go astray. 
As I see your activities they relate to three things: first, your pro- 
tection of what you have; you protect against fire; you protect 
against insects; you protect against plant pests of one sort or 
another. Last of all you protect it against yourselves, that is against 
those difficult, economic situations which might make it difficult for 
you to hold the property that you own because of situations that 
concern taxation and so forth. In other words, the protection of 
what you have is one of your great functions. 
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The second is the utilization. Of course, that is what it is for. 
How shall it be applied? How shall trees be harvested? To what 
purposes shall the materials be put? What are the economic rela- 
tions which you must develop in order to put the material into the 
largest, fullest and best use? 

In connection with that you have the very legitimate and neces- 
sary study of how this may be done so as to be profitable. If it isn’t 
profitable, no one is going to doit. Even if the community does it 
as a whole it isn’t profitable. By the way, I am one of those who 
believe in government by cooperation and understanding rather 
than by the imposition of law through what we call law enforce- 
ment; in other words, government by agreement rather than govern- 
ment by legislation. 

The third point in your industry is that you are concerned with 
the further development—that is, the coming crop. I realize that up 
to the present time forestry has been based on a mode of operation 
in which you have harvested large quantities of materials which lay 
open to your hand, because the supply was abundant. The opera- 
tion, in some measure, has been like the harvesting of the materials 
from a mine, without particular consideration, in some instances, 
of what is to come, excepting that the land may be used for some 
other purpose. We know perfectly well that that cannot continue 
indefinitely. Forests may grow to some extent, where they are 
cut, and sometimes very good ones, but, in general, when you destroy 
a forest, not merely the trees but the association of things that go 
with it, it is difficult to reestablish that situation. I know perfectly 
well, although you may have harvested these things in the sense of 
a crop that was to be taken, and the land left, you are at least as 
altruistic as other people, although you are said by tree lovers to 
leave a trail of desolation across the continent. I don’t think any- 
one who lives in a wooden house has a right tosay that. You might 
say that people who live in wooden houses should not throw stones, 
as well as those who live in glass houses. I know you are as altruis- 
tic as other people; I know you are as farsighted. In the course of 
time, when the emergency begins to arise you will meet it. I have 
no feeling that the great calamity of wiping out the forest is ever 
going to occur. You are going to meet that in a way which will 
give to society the same kind of a crop that it has had, or a better 
one, in the future. Your further crop, while it has not been up to 
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the present time so important as other aspects of the work, is going 
to be one of the great and important features. 

With relation to the contact of science between forestry and the 
lumber industry in these three points, first with reference to pro- 
tection: you are protected from fire, in a large measure, by principles 
which come out of the development of the physical sciences, by bet- 
ter organization and by common sense, in which we get a better 
human adjustment. If you could discover some sort of a self- 
extinguishing cigarette or eliminate from society the careless people, 
you would make great advance. Neither of these things is likely 
to happen. 

On the utilization you also have a vast support from the direct 
and the immediate application of physics and chemistry, in the 
study of the types of material and their utilization, and you can 
bring into the stream of forestry, almost as rapidly, the results from 
these fields of physical sciences as the results flow into the great 
physical industry. 

On the third point—that is, the question of the future crop—you 
will pardon me if I return, in a sense, to the point of view which 
I naturally take. It was a great kindness that the chairman didn’t 
introduce me as a fossil man. At one time I was concerned with 
the study of fossils. It is with great kindness that I look back to 
the past. I will admit it and say that a good part of my training has 
been training in the study of the sweep of things through time in 
order to get a better understanding of what is coming in the future. 
When I look at a problem, at the development of an industry of this 
sort, the first thing I do is to watch the trend of it, and what is the 
expectation? The expectation is, unless we consider it, the new 
crop problem will ultimately be in difficulty. You would do it as 
quickly as I would from my point of view. 

When we begin to consider the problem of the further crop, that 
is where our troubles arise, because, in the first instance, we know 
relatively little about the tree. J am not disparaging the work of the 
investigators in all fields, botany and forestry. I have sat too often, 
in the course of the last year, with leading experts, men who know 
more than others in the world, about the structure of the tree, to 
feel that we know much about it. Last summer I sat with three 
men, the ablest ones we have been able to find in the United States, 
who had before them the extremely simple problem of finding out 
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how sap moves in a tree. I supposed they knew all about it. I 
remember giving a lecture on this to a group of students in a high 
school where I was talking in 1887. I remember drawing the 
diagram of the tree. These three men felt they knew, but a fourth 
man came in and said, “Here is a line of attack you haven’t fol- 
lowed.”’ They followed it. They got a morphologist, a man who 
studies the structure of the tree, and two physiologists. They 
attempted to trace out the sap. They found, contrary to all text- 
books, the sap didn’t run where it was supposed to run; it wandered 
all around inside the tree. They found living cells in redwood 
trees that were 100 years old. They found it wasn’t going accord- 
ing to schedule. They wondered what happened in the younger 
tree. They found, under pressure, it had something to do with the 
life process. 

They sat down and said, “This is a nice thing for three distin- 
guished men to be telling to the president of the Carnegie Institute, 
who has been working all these years.” 

J said, “It is much more important to discover you are wrong and 
rectify that situation than it 1s to go on indefinitely.” 

This is only one point, a very superficial thing in the study of 
the tree, how the sap moves. We know something about it, but rela- 
tively little in the fundamentals. I spoke a moment ago about 
photosynthesis, or what happens in the green leaf. We are still 
worse off when it comes to that. When it comes to the study of the 
forest as a whole, we are again in an extremely difficult situation. A 
forest does not consist of so many trees standing side by side; a forest 
consists of groups of trees with many associated plants, in many 
instances with many insects and parasites. It consists of the soil 
out of which the plants grow, the soil bacteria or flora. It consists 
of the relation to a large number of extremely important and com- 
plicated chemical and physical reactions, and not until you have 
seen all of these have you known the forest. You can’t wipe out a 
forest and put it back until you at least know something about 
what the forest is like. 

In the United States we have a tremendous responsibility today. 
The spirit of science is penetrating through forestry and botany and 
the lumber industry everywhere. We have an opportunity to begin 
the study of the forest as it was, through the hundreds of millions 
of years in which it has been built. We have the opportunity to 
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know how it came to be, and what its present relation to its environ- 
mentis. We have the opportunity to get that information and then 
to go on into a study of the basic problems of photosynthesis, and 
so forth, and construct a scheme comparable to that which the 
physicist has before him when he begins to study the nature of 
matter. | 

I pointed out that you have got one of the most difficult prob- 
lems in the world. Trees are long-lived. We haven’t paid much 
attention to them. On the other hand, it isn’t cluttered up with 
difficult things such as have arisen in many other sciences. You are 
in a position to take up the study of this problem. Your attitude is 
the finest attitude I know, and I expect to see the culmination of 
your work lead to putting biology in its relation to forestry on a 
sound basis, so through the coming generations the problem is 
going to solve itself gradually. 

You say, “That is all very nice for the next generation. How 
about the present?” 

I am only going to make one comment. The greatest single law 
I know, that has ever come out of science, is the law which expresses 
the idea that the universe of life is a developing thing, changes 
from age to age and changes toward the development on higher 
levels, that includes man and the life about him. That is a pro- 
gressive scheme. The most important thing in that progressive 
scheme, from my point of view, is the fact that the human being 
has a chance to fit himself into a great scheme that begins in the 
past, which we can’t see, and goes on into the future; and that 
everything you do today that is of a constructive type is going to 
bear dividends through to the end of time. 

Men think they work fora living. Asa matter of fact, they work 
because of the desire of accomplishment. You are not concerned 
whether you do get your result at this minute here or outside the 
building, in San Francisco or England. You are not concerned 
whether you get it today, tomorrow, or next year. You want to be 
recognized as constructive individuals, and that is right. I believe 
in it. If you fit yourself into this program, you are going to help 
to build a very great foundation for future civilization. 

Last of all, I have never known of a constructive movement in 
the history of the world that capitalized the future that didn’t get 
its reaction in the present in credit and materials. If you go to 
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buy bonds, the longer term your bonds run, even with an even 
rate of interest, the greater the likelihood of your having a rela- 
tively high price. 

If you capitalize the future and indicate your land is at some time 
going to be more valuable, that value gradually creeps back into 
today. You will find with the joy of your altruism and your build- 
ing you are going to give support to a great movement which will 
help you at this minute. 

My last point is, support fundamental research and its applica- 
tion. Support the work being done by the federal government and 
the forest service—a great group of men under a great leader. I 
think Colonel Greeley might have been a good geologist if he had 
continued with geology, but he went into forestry. He has a great 
group of men under him. Support the work in the state; support 
the work in the private institutions. It will bring you returns. I 
cannot give you all the facts to prove it, but I guarantee it will. 


PRESERVATION OF THE SEQUOIA FORESTS 


Epiror’s Norr.—As a scientist, as an executive, and as a writer, the name 
of Dr. Merriam is known throughout the country. His unselfish service, with 
other California leaders, in the Save-the-Redwoods League has resulted in pre- 
serving some of the finest stands of redwoods in northern California. His pro- 
phetic suggestion is much in point. 


HE movement to preserve the sequoia forests, although cen-_ 


tered in California, has represented the concentrated effort 

of interested citizens of the whole country. It has been, 
in many respects, one of the most interesting conservation move- 
ments in America. The exceptional success of this activity is 
due in considerable measure to the fact that it has been held to a 
limited objective. It has been carried out on the basis of high 
ideals, and through the medium of wide-ranging codperation repre- 
senting practically every type of organization interested in out- 
door life, the study of the tree, and inspirational influence of the 
forest. 

Initiated for the purpose of bringing at least a few groves of 
north coast redwoods into the possession of the public, the move- 
ment extended itself to cover a broad study of the significance of 
the sequoia in all forms of use, from practical economic utilization 
to inspirational influence. The program has involved careful re- 
gional studies of large areas of the State in which redwood forests 
are located. This work has been done by leading experts and has 
been carried out with the purpose of defining plans by which these 
forests can be given an effective setting with relation to other 
parks, to the highway system, and to localities of unusual recrea- 
tional value—a very different procedure from that resulting in 
some instances from sentimental reasons. 

Although the effort of the Save-the-Redwoods League has 
directed itself mainly toward saving coast redwoods, there has been 
no lack of interest or purpose relative to protection of the giant 
sequoia of the Sierra region. At the time of initiation of this move- 


American Civic Annual, pp. 116-117, 1929. 
2318 


GS 


PRESERVATION OF THE SEQUOIA FORESTS 2319 


ment, the giant trees had relatively larger chance for protection, 
and the movement therefore turned itself toward saving some of 
the magnificent forests in the coast redwood region. The continu- 
ing work of the Save-the-Redwoods League has involved in its 
purposes the saving of larger areas of giant sequoias. 

Beginning with a situation in which no provision was made for 
protection of the northern coast forests, the Save-the-Redwoods 
movement resulted in the purchase of considerable groves and 
many beautiful stretches of redwood forest by the State and by 
private contribution. Careful development of some of the areas 
already obtained shows the tremendous value of these assets to 
the whole people of the United States. Treatment of the larger 
areas in such manner as to preserve their primitive character will 
ultimately make it clear that these forests are among the most 
interesting natural features in America. Among living things there 
is probably no more impressive spectacle than that presented by a 
sequoia forest. 

In addition to progress made in preservation of redwood forests 
by the League organized for this purpose, it is important to note 
that through the influence of this organization there has arisen one 
of the most interesting movements in America for participation of 
a State in acquiring, protecting, and utilizing natural areas for the 
benefit of the people. The efforts of a group of tireless workers, 
represented by Mr. Duncan McDuffie, Mr. W. E. Colby, Mr. New- 
ton B. Drury, and others in California, have brought into being the 
new State Park organization, which is constructing a program of 
extraordinary importance in securing and developing resources 
valuable for their natural beauty, and for the opportunities they 
offer for outdoor life. History may sometime show that, in draw- 
ing attention to the need for its protection, the redwood has 
exerted an influence through the whole field of American conser- 
vation. 

It would be a great disaster if the ancient redwoods of California 
were to be completely destroyed. But there is also tragedy in- 
volved in the destruction of other fine, characteristic trees, stand- 
ing in their native groves. Every State in the Union should be 
searching for whatever remains of primeval forest or plant life, in 
order to preserve and cherish for future generations samples of the 
State land as the pioneers found it. 
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Photograph, Colored in Oil, Copyright by Fred H. Kiser, Los Angeles 
View of Crater Lake from South Rim 
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CRATER LAKE 
A STUDY IN APPRECIATION OF NATURE 


N AN attempt to determine how regions of exceptional beauty 
can be made most satisfying to visitors, a study of Crater 
Lake National Park, in Oregon, has been carried out in co- 

operation with the National Park Service of the Department of the 
Interior. As a part of the problem it was necessary to formulate 
a grouping of features or qualities comprised in what we call appre- 
ciation of nature. The tentative results of this study are presented 
here as basis for later discussion. 

The influence which present-day mechanical civilization exerts 
upon us has become so large that we tend to discuss problems of our 
surroundings mainly in terms of relation to the human environ- 
ment. But we may not forget that through most of the vast 
stretch of history nature has been a dominating factor in shaping 
both our activities and our ideas. Even at a time when the high 
degree of unity in organization of cities begins to impress us as 
suggesting great organisms, we can not avoid recognizing that man 
is still immersed in a world of nature, and that the influence of 
this external world upon him is one of the greatest factors in every- 
day life. 

As we consider nature in practical life it is common to define it 
in terms of what we may obtain from natural resources like coal 
and iron, products of the soil, and whatever contributes material 
which can be used or shaped. We take for granted the light, heat, 
and other influences from the sun which make life possible. We 
accept in the same way the oxygen of the air, vagaries of the 
weather, and the play of light giving reality to infinitely varying 
aspects of beauty in the outer world. 

In pioneer days we struggled with obstacles of nature—rocks and 
trees which cumbered the ground, streams difficult to ford. We 
gloried in conquest of the wilderness and the dominance of man 
over nature. Now that natural resources have been parcelled out 
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in various types of ownership, forests have been swept from our 
path, deserts traversed, and practically nothing remains inaccess- 
ible or unconquered, human kind begins to consider the signifi- 
cance of nature in relation to the intellectual, aesthetic, and spirit- 
ual values of life. 

For the vast majority of human beings nature exerts a very large 
influence upon the emotional aspects even of life as lived from day 
to day. Such imprint may be made by the glory of the sky, sub- 
lime expression of power in the ocean, or the subtle influence of 
changes in beauty of the landscape with passing seasons. This 
feeling of man toward nature as influenced by its varying moods is 
what we sometimes call appreciation of nature. Along with the 
infinite variety of specialized human activities or artificial situa- 
tions, it constitutes one of the principal elements of interest and 
pleasure in life. Its significance for the future seems not destined 
to diminish. To obtain an understanding of these values which 
would make possible their highest use in human service would be 
a work of exceptional importance. Such a study might involve the 
whole range of nature, from the most spectacular phenomena of 
mountain and forest to quiet beauty of meadows, and to the hu- 
manly controlled or domesticated features of nature that appear 
in the simple green plant, or the bright flower in a tiny back yard. 

In study of the Crater Lake region there has been practically 
unanimous agreement that beauty is the dominating feature. 
Other elements have been considered as grouping themselves 
around the aesthetic values. The possibility of aid to visitors 
desiring to understand this picture has made necessary examination 
of the lake and its setting, in the light of what seem to be the major 
elements represented in appreciation of nature. 

For purposes of such a study, an attempt to separate or classify 
the elements comprised in nature appreciation indicates that in 
one phase it represents only subjective influences related to what we 
see. [his may be expressed through the whole gamut of human 
interests and reactions, ranging from what seems purely physical 
on through the aesthetic, intellectual, scientific, philosophic, and 
religious. It may be based upon relation to personal experience, 
or on something arising from the cultural history of our ancestors. 

The physical aspect of our reaction to nature is not unimportant. 
Natural conditions suggesting absence of purely social restraints, 
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with the right to grow in our own way, are commonly a stimulus 
to development of physical freedom and action. This influence 
has been important in origin of that larger freedom upon which, 
in some measure, political independence rests. 

The infinite combination of pleasing sense impressions in color, 
form, pattern, sound, and the symmetries or harmonies which 
they make, leads us into the path of emotional reaction represented 
by the aesthetic. We consider not merely how we see nature in 
terms of light, form, and pattern, but examine it in terms of how 
we feel about it in the emotional sense. It is also important to 
remember that emotion may rest on intellectual experience as well 
as upon other materials. 

Influence of the impact of nature by that endless series of mys- 
teries presented in its force and action has advanced intellectual 
inquiry through development of science and philosophy. With the 
growth of science, understanding of nature extends over widening 
fields. As this vision opens we see the emotional reaction to the 
intellectual stimulus building itself to higher levels. 

The study of how natural features appeal to us presents un- 
usually significant questions at Crater Lake, as with many excep- 
tional aspects of nature represented, interest seems at first glance 
to focus on one thing above all others. Attention appears to turn 
immediately toward the lake, a thing of rare beauty resting in the 
circular crater of a great volcano. 

With all of the interest attaching to very many features in the 
extraordinary crater, to the picture of wide regions spread before 
one, to beauty of forests and the flora of mountain meadows, prac- 
tically every one is attracted instantly by the compelling charm of 
the lake. Impressive displays of color may be found in every re- 
gion of the world, and blue water is a familiar sight. In this par- 
ticular lake interest is drawn and held by an expanse of blue not 
exceeded in intensity or brilliance by other lakes or seas, and by 
its contrast with a landscape especially fitted to emphasize these 
charms. 

The water changes from moment to moment. Shifting air ruffles 
its surface in numberless ways, altering both color and rhythm of 
movement. Local wind-flurries sweep across the basin stirring 
the waves as if by the discharge of countless jets of air, each pro- 
ducing a sharply defined path along the course. Brilliant green 
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patches about the margins present contrasts which strengthen im- 
pression of the broad expanse of blue. Changing clouds mottle the 
surface with their shadows. The moving sun develops varying 
reflections from surrounding cliffs. 

Perhaps above all other influences which tend to increase values 
of the scene are the steep crater walls bordering the lake, centering 
attention upon the water and furnishing striking contrast by a 
frame which limits and defines the charms of this picture. 

Relation to varied aspects of beauty in the lake gives added value 
to many elements in the surroundings. Mountain hemlocks 
grouped along the crater rim are in themselves things of unusual 
charm, but projected against the lake or serving as bordering ele- 
ments of vistas looking down toward the blue water, they acquire 
added significance, and accent sharply the color of the lake. Cliffs 
of brown and yellow volcanic deposits around the water might 
draw attention without their present setting, but in contrast with 
the great expanse of blue they have increased power to attract. 

So in an almost infinite variety of ways features associated with 
the lake have added meaning by this contact, and each of these 
situations changes with hour of the day and day of the year. 

Just as no one who comes to the lake fails to be thrilled by its 
beauty, so there are probably few who do not raise question as to 
the striking setting of the picture. How can one account for a 
wide, deep, clear lake in the summit of a mountain? ‘There is no 
entering stream, no outlet. Excepting the steep surrounding 
crater walls, the summit falls away sharply in every direction. 
What relation can there be between this strangely beautiful water 
and the unusual mountain? 

The answers obtained by every keen observer may be supple- 
mented by observation of those who have spent years in study of 
similar questions. To one not learned in characters of volcanic 
rocks it might be possible to mistake some other kind of depression 
on a mountain for a crater. But careful workers in the region find 
all of the rocks in the walls to be types formed only from molten 
material, like that at nearby volcanoes such as Mount Lassen or 
Shasta. 

We know also that not only the mountain at Crater Lake, but 
a vast surrounding region, perhaps two hundred thousand square 
miles in area, is of a type indicating tremendous outpourings of 
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Crater Lake, looking north toward Wizard Island 


Courtesy of National Park Service 
View of South Rim of Crater Lake, with Dutton Cliff and the small island known as 
Phantom Ship 
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Courtesy of National Park Service 
Crater Lake, view toward Llao Rock on the North Rim, with strong cliff reflections 
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lava. In the midst of this great region of volcanic activity the 
mountain at Crater Lake stands as an exceptional feature in its 
structure and history, as well as with respect to its peculiar beauty. 

The eyes of any interested observer find the walls surrounding 
the lake formed by layer upon layer of lava, volcanic ash, wash of 
streams, and other materials deposited under varying conditions. 
No one who sees these built up sections of the wall can doubt that 
year upon year, or age upon age, it was growing from a low eleva- 
tion to a mountain. Here and there in the ashes are buried stems 
of trees caught in the heated mass and turned to charcoal, just as 
happens about volcanoes today, or as we see such charcoal residues 
of wood buried in the ruins at Herculaneum. The mountain side 
is penetrated at several places by solid lavas that in some earlier 
period oozed out through breaks or fissures in the wall and then 
solidified. How long this building process lasted has yet to be 
determined, but it was a time of many changes and perhaps of 
long duration. 

The great crater or bowl that rests in the top of the mountain 
seems, like the forming of the mountain itself, to have had a long 
history of shaping. The summit existed in a sense because there 
was an opening through which the volcano released products from 
its activity. The vent changed from time to time according to 
variation in the forces from which the mountain resulted. 

Everywhere about the inner face of the crater wall the edges of 
layers forming the rim seen to give evidence of recent breaking 
away to widen the opening. Observations of the scientist have yet 
to show whether this was brought about through blowing away of 
the top or by falling in of walls. By one process or another, or 
perhaps by several ways combined, as the mountain grew, the 
crater’s opening enlarged, until there had come to be this combina- 
tion of a great mountain with the deep crater five miles in diameter 
at its summit. 

Though we may not know details in the process of forming the 
mountain, the broad outlines can be appreciated to such an extent 
as to give answer to questions concerning relation of lake to moun- 
tain. Near the end of one of the most important known periods of 
volcanic activity expressed in the region of the northwest, this 
mass was built by the long series of events described. Each stage 
was a spectacular expression of the power and energy translated 
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into movement and heat of the volcano. Forming the present bowl 
of the crater was a process involving tremendous forces, such as 
human kind has only partly appreciated. 

Sometimes the mountain was a quiescent region of forest and 
flower-strewn meadows, where swift streams were slowly washing 
its bulk away. At other stages it was the home of snow fields and 
glaciers, and again it became the scene of lava outpouring with 
intervening showers of ashes burying the landscape. And when it 
had been modeled through long action by agencies among the most 
powerful that man encounters, preparation was completed for a 
lake, such as now exists. By no other known method could this 
peculiar setting have been furnished. It remained then only to 
have given, at this spot, such climatic conditions with fall of rain 
and snow, as now obtain—adequate to accumulate a body of water 
in the crater without filling it, and yet with seepage such as would 
maintain its marvellous clearness and purity. 

Just as all who see the lake come under the spell of its beauty, 
so there are few for whom the story of its coming to be does not 
take on increasing importance as acquaintance grows. ‘The sub- 
limity, power, and orderly operation expressed in this process of 
creation develop in us a sense of appreciation corresponding to 
influence of reactions produced by other elements which we recog- 
nize as beauty and harmony. 

To one who views the whole range of features having special 
interest in this grouping about the lake the close relation among 
them is itself impressive. It becomes clear that what nature means 
to us involves a multitude of things, each in its way influencing 
our sense of appreciation. And equally important is it that the 
aesthetic, the sublime, orderly activity, and development or growth, 
along with those intimate interests that touch our personal life, 
become most significant when woven into a pattern in which unity 
is a dominating element. 


INFLUENCE OF SCIENCE UPON APPRECIATION 
OF NATURE 


ELEBRATING the one hundredth anniversary of a division of 
science and a great state museum inevitably directs atten- 
tion toward changes or progress registered. Ideas derived 

from this study may be applied in many directions, but, following 
the lines of my own relation to these activities, I have chosen to 
talk on the influence which science exerts upon our cultural and 
spiritual view of nature. One reason for this choice is that at the 
moment there seems to be relatively little interest in formulation of 
ideas on this subject, in spite of the fact that we are practically 
embedded in the world of nature. 

Over the ages, influence of nature upon man and appreciation 
of nature have been among the most important elements in ‘life. 
Great advances of science in modern times having enabled us to 
reach far beyond the range of vision and understanding previously 
possible, one might expect that appreciation of nature would in- 
crease in importance and in its contribution to our satisfaction. 
But so varied are the present-day appraisals of value in nature 
appreciation that it has seemed worth while to examine the sub- 
ject on an occasion such as this, when consideration is given to 
advance of science in close relation to cultural progress over a 
period of many decades. 

Modern developments in nature study, acquisition of natural 
parks, and the featuring of conservation might be assumed to indi- 
cate that appreciation of the world about us has a place of excep- 
tional importance in life today. But we find recent students of the 
nature problem like J. W. Beach stating that in certain literature 
earth and the stars are now regarded as scenery or setting; and 

“The One Hundredth Anniversary of the Establishment of the Division of Science and 
State Museum—Proceedings of the Seventy-third Convocation of the University of the State 
of New York,” University of the State of New York Bulletin, 1938, No. 1143, pp. 11-21, 


July 1, (date of publication, November 14, 1938). Carnegie Institution of Washington Sup- 
plementary Publications, no. 44. 11 pp. November ,21 1938. 


2327 


2328 PUBLISHED PAPERS AND ADDRESSES 


that to some extent “The present-day poets have given up nature, 
having found it bankrupt.” In various directions there is evidence 
that modern life tends to center its interest upon those aspects of 
development or evolution which relate to man’s creative activity, 
along with his remodeling and mechanizing of the world. 

The extent to which civilized man has advanced in appreciation 
or love of nature it would be difficult to measure. Doubt is some- 
times expressed whether, in his attitude toward the natural world, 
cultured man of today has advanced much beyond the stage of 
his ancestors in remote ages. 

With these views concerning man’s relation to his natural en- 
vironment there has come questioning as to the human value of 
appreciation or love of nature. It appears that in some aspects of 
literature, such as poetry, the nature concept has lost the place 
which it once held, and that the elements which were humanly so 
satisfying have in large measure vanished. Among the suggestions 
relating to this situation one finds the idea that rapid development 
of science in tearing apart or analyzing of elements in nature has 
tended to destroy the values formerly so important to us. 

Recognizing what appears to be failure in ultra-modern literature, 
and in some measure in modern art, to attain the levels of nature 
appreciation of earlier periods, and noting also the tendency to 
emphasize achievement in man’s creative work, I approach this 
discussion with the purpose of considering whether appreciation of 
nature may not maintain its place of high human value just by 
reason of the contribution from science rather than in spite of it. 
May we not expect that widening and deepening the vision of nature 
will bring us to points of view where new glories can be glimpsed, 
and even more satisfying relations established? 

Although Wordsworth, perhaps the greatest student of nature 
appreciation, did not approach this subject directly by way of sci- 
ence, it is interesting to note that he distinguished between values 
of nature impressed upon us and those developed dy study or con- 
templation. In his Tintern Abbey poem of 1798 he contrasts his 
earlier impressions of nature with those of later years in the words: 


“The sounding cataract 
Haunted me like a passion: the tall rock, 
The mountain and the deep and gloomy wood, 
Their colors and their forms, were then to me 
An appetite; a feeling and a love, 
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That had no need of a remoter charm, 
By thought supplied, nor any interest 
Unborrowed from the eye.—That time is past, 


. And I have felt 
A presence that disturbs me with the joy 
Of elevated thoughts; a sense sublime 
Of something far more deeply interfused, 
Whose dwelling is the light of setting suns, 
And the round ocean and the living air, 
And the blue sky, and in the mind of man: 
A motion and a spirit, that impels 
All thinking things, all objects of all thought, 
And rolls through all things.” 


If my point of view is as clearly correct for others, as it has 
proved itself for me through the years, a great responsibility rests 
upon those who follow the progress of science to see that we grow 
in the joy of appreciation of nature as knowledge advances. My 
special application of this subject to the situation presented by 
the centenary celebrated here derives from the fact that precisely 
the needed relation between the drive of factual research and its 
expression through cultural, artistic, philosophic, and religious inter- 
pretation has been exemplified by the institutions in honor of 
which we gather today. 

Nothing that is said regarding advance in appreciation of nature 
through the contribution of science should be assumed to suggest 
lowering of values impressed upon us by nature through the senses, 
or such as might be expressed in color, line, pattern, balance or the 
many forms of art. These values, and others that belong in the 
types of imprint from nature, will have continuing significance, 
which should increase rather than diminish, and must furnish a 
large part of all that we derive from nature. 

It is, perhaps, desirable to repeat the statement that, with rapid 
development of interest in man’s creative activities and in the 
mechanized features to which so much of modern life is given, the 
trend of many interests may sweep along with the mechanical 
aspects of human creation, appearing to leave less of thought de- 
voted to the contribution of nature. But even under such circum- 
stances the whole relation to nature, including the more distinctly 
sensuous imprint, might be maintained and developed on a continu- 
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ing basis by reason of the appearance of new values in nature aris- 
ing out of science: values coming from springs of constructive 
thought which are at the same time the source of those contribu- 
tions which lead ultimately to human creative work. 

Examination of the relation between science and nature appre- 
ciation inevitably reaches a point at which it becomes necessary to 
consider the meaning of such terms as appreciation and natural 
beauty. Difficulties of the case are exemplified in a measure by 
difference of opinion which arises in distinction between beauty and 
sublimity as applied to consideration of what is appreciated in 
nature. In the category of things beautiful some have included 
what is recognized by others as the sublime. Some have excluded 
the element of sublimity and include in appreciation or love of 
nature only that which falls within narrower limits of beauty in 
the aesthetic sense. 

The relation between appreciation of nature commonly recognized 
as aesthetic and that based upon scientific knowledge is illustrated 
in many interesting ways in study of regions such as the Grand 
Canyon of the Colorado, to be mentioned more specifically later. 

Commonly what we call love of nature or appreciation of nature 
comprises many factors of quite different types. This relationship 
may express itself through the gamut of human interests and reac- 
tions, ranging from what seem purely physical activities on through 
the aesthetic, intellectual, scientific, philosophic and religious. It 
may be based upon influence of purely personal experience, or upon 
something arising from the cultural history of our ancestors. 

The infinite combination of pleasing sense impressions derived 
from nature through color, form, pattern, sound and the sym- 
metries or harmonies which they form, has led us into the path of 
emotional development represented by the aesthetic in many com- 
binations. In appreciation of the beautiful one thinks immediately 
of pictorial art as representing nature. So also, we recognize that 
harmony of forms upon which architecture is based. 

The impact or stimulus of nature given through the endless series 
of mysteries presented by action of the forces about us has ad- 
vanced intellectual inquiry through development of science and 
philosophy. With the growth of science, understanding of the 
natural world extends to deeper reaches and over a widening 
field. In corresponding measure we see the emotional reaction to 
the intellectual stimulus from nature building itself to new levels. 
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Appreciation of nature lies then in this wide group of interests, 
with their combined physical, intellectual and emotional appeal. 
It may be limited to one thing; or it may be all combined. 

The mission of those who have sought the sources of human value 
in contemplation of nature represents one of the great quests of 
all time. Success in directing attention to these springs of interest, 
stimulus, and comfort, or in defining them, would mean making 
more fully available to the world some of the ways in which to en- 
joy life and to “glorify God” while life is lived. Search for means 
of expression adequately representing these elements of value in 
nature has interested nearly every group of workers concerned with 
formulation of great human problems. Painter, poet, philosopher, 
scientist, theologian, have all busied themselves with these ques- 
tions. 

Among artists, in the study of nature appreciation painter and 
landscape architect have made great contributions, but the poet 
has perhaps reached farthest in expressing the features present. 

As the study of this problem advances it seems clear that to limit 
art merely to the pictorial, to color, form and similar aspects of 
representation, does not define its mission adequately. Rather 
may one say that the art of those who study nature should not be 
set off in closed fields separate from science and other subjects. It 
is a mode of expression which may be utilized to present, perhaps 
in the most realistic, and most highly imaginative, and most hu- 
manly appealing form, the results derived from all kinds of ap- 
proach to nature. 

It is important to note that the great cultural and spiritual value 
of outstanding phenomena in nature does not lie merely in their 
influence for the moment. It may concern things of the day alone, 
but it relates also to what might be called permanent reorganization 
of the mind in such manner as to give new views of the universe 
and of our place in it. In nature, as in other relations, we appre- 
ciate the meaning of Keats’s statement in the opening lines of 
Endymion: 

“A thing of beauty is a joy for ever: 


Its loveliness increases; it will never 
Pass into nothingness; .. .” 


In discussion of these problems there arise inevitably questions 
concerning the place which science may hold in relation to contribu- 
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tions by art to interpretation of nature. In general we can under- 
stand that while the scientist walks with reverent feet when 
treading paths broken by the humanist, there is often a possibility 
that the wonder and charm revealed by investigation may present 
aspects of nature corresponding in significance to those which have 
been the objective of interest and creative work of humanists such as 
painter and poet. And, since the scientist is always seeking new 
light on the unity of knowledge, it might be unscientific not to at- 
tempt an understanding of such situations. 

From the point of view of the scientist, in our relation to nature 
there has appeared no lack of either sublimity or beauty. There 
has been increasing recognition that the deepest penetration of 
nature possible to the scientist only makes it more clear that we 
have in no sense attained finality in understanding any aspect of 
it. The philosophical scientist is left practically with the poet to 
refer to the earth as “‘the shadow of some spirit lovelier still.” 

It is not possible to express in the compass of a brief general 
statement the detailed evidence required for discussion of ways in 
which the influence of science may accentuate or advance apprecia- 
tion of nature. It is, however, desirable to indicate some of the 
categories or situations in which science appears to have influence. 

The first group would include consideration of a large number of 
separate or individual items in nature through the more intensive 
examination of which, by aid of science, we could obtain greater 
satisfaction. As illustration of this group: Appreciation of beauty 
in autumn woods may be merely the sensuous imprint of color—as 
Wordsworth might state it, “borrowed from the eye’’—and yet it 
may give deep pleasure, intensifying with passing of the years. Or, 
appreciation of beauty in autumn woods may be based on indefinite 
impressions arising from personal association with such woods in 
youth or under favorable personal conditions. But to one who 
knows the complete story involved, this flaming glory at one stage 
of the biological cycle may also suggest fruition, and bring to mind 
the whole movement of life through its changes from season to 
season and age to age, a picture of unmeasured limits and of un- 
fathomed interest. 

In a second group, elements of power and movement as expressed 
in the flow of a river or waves of the ocean can not be overlooked 
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even by the most casual observer. But evidence presented by bent 
and folded rocks of a mountain chain shows power and movement 
just as clearly, although seen at the moment in something which 
appears completely quiescent. The eye of science adds to nearly 
every picture of a landscape the elements of movement and power 
as they have been expressed in activities through the ages. In this 
group should be classed also our appreciation of great periods of 
time, through the flow of past ages, and their consequences, as 
made clear to us in study of nature by scientific methods. 

Again the history of thought in almost every organized form, 
from science to philosophy, has shown development from stages in 
which the items of the world about us were largely separate, over 
to a position in which interdependence of practically all the known 
elements has been recognized. So, as illustrating group three, in 
science today, the investigator recognizes interdependence of all 
things in nature, and sees the picture of the present and the past as 
representing development of a great variety of elements connected 
with each other directly or indirectly, and so related that no phase 
of the picture can be considered wholly independent of the others. 
This unity of nature is a matter of great significance in our estimate 
of values in appreciation of the world about us. 

In group four we could place the influence of science as expressed 
in organic evolution. Many students concerned with the history 
of human achievement look upon the idea of development, or 
growth, or evolution as the outstanding contribution of human 
thought. Coming out of studies by biologists, palaeontologists, 
geologists, and even of astronomers, we come to see the world today 
as the product of development through a long series of stages dat- 
ing back many hundreds of millions of years. Originating in the 
geological-palaeontological-biological story, the idea of evolution 
has extended itself to everything from the physical world to social 
organization. To look upon nature without, on the one hand, 
recognizing the unity in its diversification or, on the other hand, 
without seeing the development continuing through past ages to 
the present and extending into the future, would be to overlook 
the greatest of all features toward which appreciation might be 
directed. To say that such appreciation would be merely recogni- 
tion of scientific fact would be to fail completely in expressing the 
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mind of the scientist, for to him these great truths bring an emo- 
tional reaction at least comparable to that produced by great works 
of art, whether in painting, architecture, or poetry. 

A fifth group concerns appreciation in terms of man’s relation to 
nature. When one looks upon nature, and recognizes its values, 
there arises inevitably the inquiry: “What does this mean to me? 
What is man’s place in the world of nature?’ Without insisting 
upon details in the story of human origin and evolution, the sci- 
entist finds it difficult, if not impossible, to avoid thinking of man as 
embedded in nature and dependent upon it, and as arising out of 
it by a process which may be called evolution, or may be described 
as a mode of creation. Involved in this vision of man’s situation 
there is of course the idea of unity of nature along with the elements 
of time and movement and evolution. 

To one who has the broader view of man’s place in nature, and 
for whom appreciation extends in these many directions, there is a 
certain satisfaction in recognizing the place of the individual not 
only in the great world of the moment with all its parts related, but 
in the succession of worlds in time, with expectation that other 
ages and other changes may come. Under these conditions there 
develops in this view of nature a sense of responsibility to the 
past out of which we have grown, and in which preparation was 
made for what we now have. There is also recognition of duty by 
reason of the opportunity presented in life and possible accomplish- 
ment of the present. There is also appreciation of opportunity for 
building into the larger future with its conceivable goals, toward 
which moves the present world and all that finds place in it. 

As concrete illustration of possibilities for advancing appreciation 
of nature, the Grand Canyon of the Colorado river offers especially 
interesting examples of progress by aid of scientific study. The 
Grand Canyon is a magnificent spectacle merely as magnitude, or 
as color, or as illustration of architectural and pictorial patterns; 
but perhaps more than in any other way it has human value as a 
means of indicating what change, movement, and time are, and how 
they present a background for all human thought and purpose and 
planning. Without a true appreciation of perspective in depth 
or height, or of the streaming movement in the currents of change, 
there seems little possibility of reaching even an approximation to 
clear vision regarding great events or affairs, whether they concern 
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nature, mankind alone, or man in the world in which he is placed, 
or even humanity in the world it is proceeding to make for itself. 

The great number of unusual qualities expressed in the Grand 
Canyon may seem to satiate one’s interest in natural features to 
such extent that enhancement of appreciation by the contribution 
of science would appear superfluous. And yet there are few places 
where more numerous or more insistent questions are raised con- 
cerning the meaning of the world around us. 

While it may appear sufficient merely to accept the canyon as 
something that stimulates the imagination, the mind immediately 
reaches out to inquire concerning its origin. Was the earth here 
pulled apart along the line of that tortuous fissure marking the 
course of the river? Was the canyon produced by earthquakes or 
through wear of water? Given adequate time and opportunity for 
investigation, answer to these questions could probably be obtained 
by the average mind. Science possesses no magic formulae or 
methods, but is only the accumulated result of intensive organized 
inquiry concerning such questions. 

One sees the picture of nature here so defined as to include ele- 
ments of magnitude even more stupendous than those of height and 
depth which impress themselves upon us so sharply in first visions 
of the canyon. In addition to height and depth and mass as evi- 
dent characters, scientific examination makes clear to us elements 
of vast power involved both in building the walls and in cutting 
the canyon. Also, we see time represented by stretches that appear 
almost infinite compared with the limits of experience with which 
we have acquaintance. Still more intimate examination reveals 
embedded in this record the story of life through the ages, with 
its evolution from stage to stage. To the eye of one who views the 
picture as a whole, this succession of realities inevitably appears as 
a continuous story, enacted as it were in the presence of the be- 
holder. 

The large contribution of science here, both to understanding 
and to appreciation of nature, makes clear a responsibility on the 
part of those who represent science for so directing its effort as to 
bring to humanity not only knowledge but with this adequate 
appreciation and enjoyment. 

It is sometimes said that after examination of the universe about 
us by scientific methods we have still no clearer appreciation of what 
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nature is fundamentally than was attained by the earliest students 
in remote time. It is perhaps true that to both the savage and the 
savant, nature is still practically inscrutable. It is not surprising 
that the savage personified natural forces, or that in recognition of 
these imperfectly understood elements, and of their law-controlled 
action, some see now a degree of reasonableness in looking upon 
these features as representing coordinated intelligence or a basic 
controlling mind. 

Modern science does not personify, and has not tended so spe- 
cifically to attribute what we call intelligence to the elements of 
the world about us, but it realizes that we are far from fathoming 
the elements of nature or their meaning. 

Furtherance of knowledge, while tending to define limits in human 
powers, has also increased respect for man as a being, and for the 
possibilities of his creative activity. And yet, increasing knowledge 
shows the universe around us to be so stupendous and so complex 
compared with man that we see nature as something wider and 
deeper, and in every respect more wonderful, than has heretofore 
been assumed. Perhaps the recognition by science of a greatness 
in nature that does not lend itself to description in available termi- 
nology is evidence of a degree of appreciation beyond that expressed 
in terms of anthropomorphic conceptions based upon our own 
limited experience. 


In CoNnCLUDING 


Influences exerted by scientific agencies represented here through 
the Natural History Survey, Geological Survey, State Cabinet of 
Natural History, New York State Museum of Natural History, 
The University of the State of New York and State Education 
Department have affected the human interests and activities of 
this country in more ways than we can catalogue adequately. 
However large the values may bulk in influence concerning what 
appear to be dominating factors in life, such as maintenance of 
existence and opportunity for progress, there is reason to feel that 
advances in understanding and in appreciation of the natural world 
do not rank second in importance to other contributions. 

What has been done here by these institutions in adding to 
knowledge in several divisions of natural history is an outstanding 
contribution, not only for this country but for world science. Ina 
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quite unusual way the facts and their interpretation have been 
related to formulation of what we call natural laws and to advanc- 
ing understanding and appreciation of our natural environment. 

There have been few investigators in American natural science 
who have attained as high a rank of scholarship as interpreters of 
the earth sciences as John M. Clarke, Director of the Museum from 
1904 to 1925. Also Charles C. Adams, the present Director, who 
followed Clarke in 1926, has exerted wide influence through for- 
warding the understanding of nature both primitive and domesti- 
cated, and by so linking purely factual science to art and to human 
interest as to better appreciation of nature and increase our joy of 
living. 

More careful analysis than I am able to give will show that in 
activities of this past century the peculiar conditions of location, 
support, and splendid constructive policy of the institutions here 
have all contributed toward exceptional accomplishment in ad- 
vancement of culture and its living uses. 
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STATE AGENCIES OF UNIVERSITY PUBLICATION 


Two Types or INSTITUTIONS 


ROBLEMS concerning publication in state universities resem- 

ble those in institutions not supported by state appropria- 

tion, in so far as their relation to fundamental organization 
of graduate and research work is concerned. Differences develop 
through origin of activities bringing about a peculiarly close rela- 
tion between state institutions and the communities by which they 
are supported. In many cases these activities vary widely from 
those generally recognized as pertaining to universities. The 
present moment finds us with one class of institutions, the state 
universities, in which the work may be directed to a large extent 
toward assistance in every-day business of the state, while other 
universities, feeling less immediately the fluctuation of community 
needs, may give themselves more largely to examination of the criti- 
cal or fundamental principles of knowledge. The differences now 
apparent may not be fundamentally necessary. The tendency is 
possibly toward similarity rather than toward divergence of uni- 
versity types. 


RELATION OF PUBLICATION TO GRADUATE WorRK 


Influence on the Faculty.—As in other institutions, publications 
that emanate from the faculty of a state university invariably have 
a large influence on the development of graduate and research work, 
and upon the vitality of the teaching force. We may assume that 
the graduate school exists mainly for the benefit of the student 
wishing to attain professional standing in the subject to which he 
has devoted himself. If this is true, the ideal organization of the 
school, from the point of view of the student, is one leading him 
through an apprenticeship with master-workers, and bringing him 
finally to a point at which he is able to show through results of his 


Paper prepared on behalf of the University of California by John C. Merriam and pre- 
sented at the meeting of the Association of American Universities at Princeton University, 
November 6, 1914, by Armin O. Leuschner. Proceedings of the Association of American 
Universities, Sixteenth Annual Conference, 1914, pp. 50-59; republished in modified form 
in, and reprinted here from, School and Society, vol. 1, no. 25, pp. 871-879, June 19, 1915. 
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own work that he is worthy of rank as a professional. Any method 
of conducting graduate work which does not involve apprentice- 
ship leading to a stage in which the student acquires some measure 
of independence is open to the criticism that the graduate going 
out to work alone, is, to a large extent, an unknown factor so far 
as his judgment of new materials is concerned. 

The possibility of apprenticeship leading to independence implies 
continuous practical work in the field covered by the staff of the 
graduate school, and implies further the necessity for some method 
of caring for the output of the staff. If there is no output, we are 
not dealing with real work, but rather with play examples. Fail- 
ure to secure adequate expression of results means that the inves- 
tigator does not obtain full value for his attainment. The stimulus 
for work is diminished, and the staff of the institution fails to reach 
the desired stage of efficiency in leading graduate study. 

Considered in the broadest sense, publication may mean realiza- 
tion of the results of any kind of work in permanently available 
form. If the work is engineering, it may be the building of a 
bridge. In philosophy it may be a long and intricate discussion of 
materials situated near the edge of the widest field of knowledge, 
and not as yet susceptible of simple expression. 

The means of publication of results of research are exceedingly 
numerous. Journals of all kinds, and book firms waiting to receive 
materials which the public desires, are ready to take over any real 
contributions to knowledge. It is to be presumed that the larger 
part of the output of investigation in any university will naturally 
go through the numerous channels provided to care for work in 
special subjects. Excepting journals established for purely com- 
mercial purposes, a large percentage of the available publications 
into which the majority of university papers go have been estab- 
lished for definite purposes which do not comprise caring for the 
work of universities. The material turned out by universities may 
indeed place upon them an unwarranted and unexpected burden, 
even though in some instances a share of the financial support is 
contributed by members of the faculty as individuals, through 
membership fees in scientific and technical societies. There is no 
financial return to the authors, though there may be compensation 
in scholarly advancement. The university, to which this work is 
absolutely necessary, does not share in the support, unless it be 
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through increase of salaries to individuals making themselves use- 
ful through publication in this manner. The question naturally 
arises whether the institution requiring research and the realization 
of its results as a part of its program is not fully justified in pro- 
viding means for the support of some portion of the output. The 
university then contributes a part of the cost, and publication be- 
comes easier and is generally more efficient. 

Direct Influence of Publication upon Graduate Students.—The 
influence of home-controlled publications of a state university upon 
students of the graduate school is larger than is commonly recog- 
nized. Constructive work done by mature students with the idea 
of publication in mind gives a much higher value to the judgment 
than in cases in which the final disposition of results is uncertain. 
Presentation of the work of students in the same series with that of 
members of the faculty lends dignity to graduate work provided 
the student publications are judged by the editorial board on the 
same basis of worth that is used in judging work of the faculty. A 
danger exists in the possibility of accepting papers of relatively little 
value, and thus reducing the standard of the university publica- 
tions. This can be prevented by reducing student papers to the 
minimum of space in which the contribution can be presented. In 
general the tendency has been to allow the student to use the 
maximum range of statement in order to indicate his understanding 
of the subject in all of its aspects. Elaborate papers are valuable 
to the student and to the members of the faculty judging their 
work, but not to the world of scholars. 

Theses for higher degrees may be issued through university 
publications on the same basis as other scientific work. The uni- 
versity should encourage the publication of theses in series main- 
taining high standards. Independent publication financed by the 
student is dangerous, as it eliminates the check of established 
standards. Publication of doctors’ theses is required by most uni- 
versities as an indication of the desire of the institution to make 
certain that the dissertations are completed in the most satisfactory 
way and made available in the most useful form. 

The graduate student at an institution continually producing 
scientific work through publication, in nearly all cases will pass 
through the experience of writing and publishing before the last 
year of his work for the doctorate. and for this reason his thesis will 
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be written with much more care and understanding than are dis- 
sertations which represent the first expression of untrained authors. 

Relation of Publication to Library.—The relation of university 
publications to the library is necessarily close. Research requires 
increase of current literature. By utilization of the publications 
which the university press makes available the library may increase 
its collection of serials through exchange. A well-regulated press 
should be able to produce its publications at a cost much less than 
the sale price of serials of scientific organizations. ‘The increase of 
accessions in the library by exchange presumably will be largest in 
the direction of the principal lines of research expressed in the pub- 
lications of the university, and thus will assist materially in increas- 
ing facilities for work in the fields of investigation for which the 
institution may be best fitted. 


THE PECULIAR PROBLEMS OF PUBLICATION IN THE STATE 
UNIVERSITY 


Contrary to expectation, it has come about that the value of 
state universities as centers of research, in furnishing expert opin- 
ions, and in making entirely new information available, has come to 
be recognized by the people of the states as ranking in importance 
close to the peculiar function of instruction for which the uni- 
versities were presumably founded. Following this recognition of 
the situation, the states have commonly demanded more and more 
the increase in efficiency of these particular phases of university 
work. 

A state university probably feels more definitely than other in- 
stitutions its duty toward the community in pushing forward the 
boundaries of knowledge and in furnishing the raw material which 
will make future progress in science and the arts possible. Progress 
of the present generation is largely dependent upon the imperfectly 
understood advances of science in the preceding age. Fifty years 
ago a large part of what is now included in the field of concentrated 
commercial exploitation found difficulty in obtaining recognition 
outside the technical discussions of scholars, or in publications 
other than those for purely scholarly work. ‘The cessation of purely 
scholarly work for half a century preceding the present day would 
have robbed us of a valuable heritage. This work must proceed 
if the next generation is to keep the pace. 
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In addition to the requirements of the university as a center of 
research and as a bureau of information in matters ranging from 
practical affairs to scholarship, there has come the demand that the 
state university, as the culmination of the educational system of 
the state, shall make available to the community the means of 
general dissemination of information through university extension 
courses. | 

The new demands on state institutions have placed upon them an 
added burden of publication, which appears largest in the depart- 
ments of agriculture and university extension. 


ORGANIZATION AND ADMINISTRATION OF STATE UNIVERSITY 
PUBLICATIONS 


Organization of the publications of state universities is exceed- 
ingly varied, and in most cases is an expression of history rather 
than of plan. In many instances the organization could be much 
improved if it were recast, but convenience of handling, and dis- 
inclination to disturb bibliographic sequence continue the original 
forms. 

At the University of California, the official publications may be 
grouped as the Scientific Publications, including results of original 
research in scientific, literary and philosophic subjects; Publica- 
tions of the Department of Agriculture; University Syllabus Series; 
Library Bulletins; University Extension Publications; Adminis- 
trative Bulletins, and the University of California Chronicle. Con- 
cerning the publications of this university, the writer may, perhaps, 
be pardoned for giving a relatively full account. 

Publications of the Lick Observatory, containing the results of 
valuable and extensive research at the observatory, have been in 
existence since 1887. They are issued under the direction of the 
Lick Observatory, but pass through the hands of the editorial 
committee. ‘They have up to the present time been financed either 
by appropriations of the legislature or by grants from the regular 
university funds. | 

In 1893 the Bulletin of the Department of Geology was es- 
tablished to include the results of research carried on in the depart- 
ment. Following this precedent, the scientific publications have 
been extended to include at the present time twenty-three series, 
embracing geology, botany, zoology, physiology, pathology, psy- 
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chology, philosophy, philology, economics, education, history, 
mathematics, engineering, agricultural research, and other subjects. 

The purpose of these so-called scientific series of publications is 
the putting down in the most useful form of results of original re- 
search carried on by the university community. It is notexpected 
that the members of the faculty or of the university will in any 
sense limit themselves in their publication to the university series. 
They are rather encouraged to make use of other regularly es- 
tablished channels in the distribution of scientific information 
through journals and other media of publication. The university 
publications do, however, offer a most satisfactory means of bring- 
ing together the results of original research at this institution. 

It will be noted that the scientific publication series include cer- 
tain phases of work in agriculture and engineering. The papers 
accepted in these series are largely scholarly work resulting from 
research bordering on pure science. 

The scientific publications of the University of California, the 
syllabus series, and a portion of the administrative bulletins are 
administered by a committee, consisting at the present time of nine 
members appointed from the faculty by the president of the unt- 
versity. This committee is an administrative body to which the 
president and the regents delegate the direction of this phase of 
university activity. The committee formulates the policy of the 
University Press, appoints editors and boards of editors, receives 
publications from the editors, and carries the work of publication 
up to the point of distribution of the product. Up to 1914 all 
publications going out from the university, excepting the authors’ 
reprints, were distributed by the University Press. Very recently 
an arrangement has been made by which the press turns over to the 
library such publications as are needed for exchange, and the 
handling of exchanges is carried on by the library. 

The executive officer of the publication department is the manager 
of the University Press, an administrative officer appointed by the 
regents. He is not a member of the faculty, but is secretary of the 
editorial committee. 

The editorial committee reports to the president and regents 
concerning financial and administrative affairs of the department, 
and, as a committee of the academic senate, it reports to the senate 
on matters relating to the academic significance of the publications. 
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The scientific publications are supported by a special budget 
for publication set aside from general university funds. 

The publications of the department of agriculture are under the 
direction of the college of agriculture and are issued under the titles 
of Bulletins of the Agricultural Experiment Station, and Circulars 
of the Agricultural Experiment Station. They include a wide 
range of subjects, covering any information of practical value in 
agricultural work. The publications may represent the results of 
scientific investigation, or they may present a compilation of gen- 
eral information for the benefit of the agriculturalist. These pub- 
lications are issued free of charge, in large editions, and are widely 
distributed through the state for the benefit of all persons interested 
in this work. There have been issued 246 bulletins and 121 circu- 
lars. The mailing list now contains about 18,000 names. In 
the present year the volume of publications of the department of 
agriculture of the University of California is nearly as large as that 
of all scientific, literary and philosophic publications combined, 
with the exception of the Lick Observatory Publications. In the 
past year the total number of copies of agricultural bulletins and 
circulars issued approximated 410,000. The value of these publi- 
cations to the state is very large, as is evidenced by the interest of 
the agricultural communities in this work, and by their demand for 
more information issued in this form. Publications of the depart- 
ment of agriculture, excepting those issued in the scientific series, 
are supported from the budget of the college of agriculture. 

The University of California Syllabus Series includes at the pres- 
ent time over 50 pamphlets ranging from brief outlines to incipient 
text-books on a wide variety of subjects covered by regular univer- 
sity courses. The syllabus originated as a topical outline with 
references, but has gradually expanded until it bids fair in the near 
future to become a text-book in the true sense of the term. The 
publication of the syllabus series is financed at present through the 
fund set aside for the scientific and literary series, but the returns 
from sales are paid back to this fund. The cost and the size of 
the edition in the case of each syllabus are determined by the 
editorial committee, and such an arrangement is made as will 
under ordinary conditions make the syllabus pay for itself within 
a period of two years. ‘The series contributes much to the efficiency 
of instruction. 
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The library bulletins contain bibliographical material and peri- 
odical lists issued by the library. They are financed by library 
funds and are passed through the hands of the editorial committee. 

The university extension publications are financed by the uni- 
versity extension division, but the publications pass through the 
hands of the editorial committee. The publication of this series 
is just beginning, but may be expected to expand very greatly in 
the near future, and to meet a large need throughout the state. 

The University of California Chronicle is an official record of ad- 
dresses delivered at the university and of events of general interest. 
It is financed through funds distinct from those set aside for the 
scientific and literary publications and is administered by the 
editorial committee. 

The administrative bulletins are financed by the administration 
of the university and are edited in part by the editorial committee 
through the recorder of the university, who is the editor of this 
series. 

The University of California maintains its own printing plant, 
at which all publications are now handled. In exceptional cases 
of congestion in the home office, or in case of unusually difficult 
matter for which proper facilities in its own plant are not available, 
papers may be printed elsewhere. 

During the early history of the University of California Publica- 
tions, a considerable volume of material was issued through the 
office of the state printer at Sacramento. These publications in- 
cluded the results of work at the Lick Observatory and astronomical 
papers produced by the department of astronomy in Berkeley, a 
large volume of agricultural publication, administrative bulletins, 
and a limited amount of material from various departments. The 
cost of these publications was defrayed by special legislative appro- 
priation. 

In recent years the tendency has been to concentrate all publica- 
tion at the university press in Berkeley. Ease of access to the 
university printing office situated on the campus, and convenience 
of cooperation between the editorial board and the university 
printer, have made it seem the part of efficiency to do as much 
work as possible on the campus. ‘The result has been a great en- 
largement of the volume of printing, with consequent need for 
larger and better equipment. At the last meeting of the legisla- 
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ture, no appropriation for printing university publications was 
made apart from the general budgets for support of the university 
as a whole. 

At a number of other state universities, as the University of Wis- 
consin, University of Minnesota, University of Illinois, and others, 
a considerable volume of publication is issued each year. A great 
variety of methods is used in the organization and administration 
of this work. 

The University of Wisconsin publishes the bulletins of the Uni- 
versity of Wisconsin, the publications of the Washburn Observa- 
tory and the publications of the department of agriculture. The 
bulletins are published in six series, embracing economics, political 
science, history, philology and literature, science, engineering, and 
university extension. ‘They include the results of research work, 
and are supervised by a committee of the faculty of which the 
university librarian is chairman. The publications of the Wash- 
burn Observatory are issued under the editorship of the director 
of the observatory. The publications of the department of agri- 
culture consist of Publications of the Agricultural Experiment Sta- 
tion and Bulletin of Wisconsin Farmers’ Institutes. They are 
under the charge of the college of agriculture. The bulletins of the 
university and of the astronomical observatory are charged against 
the general university fund income. The agricultural publications 
are supported by specific appropriations for publication. 

The University of Minnesota issues research publications in five 
series, called Studies in Social Sciences; in Philosophy, Psychology 
and Education; in Language and Literature; in Physical Sciences 
and Mathematics; and in Biological Sciences. The university 
publishes also Minnesota Botanical Studies, Minnesota Plant 
Studies, the School of Mines Experiment Station Bulletin, Current 
Problems Series, and Contributions from the Department of 
Anatomy. 

The purpose of these series is publication of research papers 
which otherwise might not be printed, and the dissemination 
throughout the state of studies having a definite relation to the 
life of the state. 

The research series and current problems series are administered 
by the publication committee of the graduate school. The other 
publications are issued by the departments which they represent. 
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The printing of all publications is in the hands of the senate com- 
mittee on printing. The distribution is under the control of the 
librarian. The publications are financed by grants from the re- 
search fund of the graduate school, and from the general funds of 
the university. 

At the University of Colorado, two publications, the University 
of Colorado Studies and the University of Colorado Bulletin, are 
issued. ‘The policy of the editors is to bring out in the Studies 
original articles by members of the faculty. The editor-in-chief 
is appointed by the president. There is no publication committee 
and no manager. Publication is financed out of the general uni- 
versity funds. The primary distinction between the Studies and 
the Bulletin is that the latter contains articles of a more popular 
nature. 

At the University of Washington a committee of the faculty, 
known as the publication board, has charge of all university publi- 
cations. ‘The university issues the University of Washington Bulle- 
tin, Occasional Papers, and University Studies. Thus far, the pub- 
lications have been financed entirely from departmental funds, 
but for the coming year it has been recommended that a separate 
item of the university budget be established to care for publica- 
tion. The university is just entering upon a plan for the supervi- 
sion of all of its publications. The University Bulletin will be 
reserved for administrative papers. The university extension pub- 
lications will form a distinct series. The Occasional Papers and 
University Studies will be discontinued. ‘The University of Wash- 
ington publications will include the serious scholarly work grouped 
in distinct subseries, as University of Washington Publications in 
Natural Sciences, in Philology, etc. An editor or an editorial 
committee will be elected for each series by the members of the 
faculty in the field represented by the series. 

The University of Michigan supports a series of publications 
called the University Studies, comprising monographs in three 
groups: The Humanistic Series; the Historical Series; and the 
Scientific Series. In addition to these, the university supports a 
number of other publications which are mainly collections of papers 
and articles bearing upon the scholarly work of various depart- 
ments, as the Humanistic Papers, Publications of the Astronomical 
Observatory, Occasional Papers of the Museum of Zoology, and 
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Contributions from the Physical Laboratory. The executive board 
of the graduate department administers the publications. There 
is no general editorial committee, but special committees may be 
appointed for the editing of individual papers. The publications 
are financed mainly by contributions from friends of the university. 
The board of regents, however, has frequently granted small ap- 
propriations. Only in exceptional cases is the author obliged to 
contribute part of the expenses, and he is then reimbursed from the 
income realized by the sale of the publications. 

The University of Kansas publishes the Science Bulletins which 
were preceded by the University Quarterly. Bulletins and the re- 
ports of the geological survey have also been issued by the uni- 
versity. 

The University of Missouri publishes University of Missouri 
Bulletins; Publications of the Agricultural Experiment Station; 
and the University of Missouri Studies, in five series known as 
Literary and Linguistic Series, Philosophy and Education Series, 
Mathematical Series, Science Series, and Social Science Series. 

The University of Nevada publishes a bulletin series, containing 
executive papers, university addresses and articles on subjects of 
immediate interest, and a series of studies containing results of scien- 
tific investigations. The publications are administered by a com- 
mittee on publication, appointed by the president. This com- 
mittee exercises its functions subject to the advice and consent of 
the president. A single sixteen-page monthly, Better Farming, is 
issued under the management of the college of agriculture. All 
of the publications are financed from the general state appropria- 
tion to the university. 


CONCLUSIONS 


The examples given above will suffice to indicate the general 
types of organization and administration prevalent among the 
state universities. There is generally a tendency to separate the 
scientific, literary and philosophic publications, representing a 
large part of the scholarly work of the university, from other sub- 
jects, and to place them in the hands of an editorial committee 
composed of members of the faculty. In some institutions special 
series are under the management of the departments in which they 
originate. Agriculture, engineering, mining and other applied 
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sciences with problems of a nature different from those presented 
in the scientific series are commonly separated and under control 
of the colleges or departments in which the work is done. Uni- 
versity extension is generally under distinct control. 

In nearly all institutions further concentration and more uni- 
formity would be advantageous. Where the volume of publication 
is sufficiently large, a university editor or manager of the press 
should be able to assist in standardizing forms, and in caring for 
matters of detail which would otherwise cost much time and in- 
terest that the faculty committee might spend to better advantage 
in other work. 

Uniformity in style and in standards of presentation of materials 
in different series should not be pushed too far. Editors and 
authors who have slaved for months or years in describing scientific 
results of importance are inclined to feel that they have the clearest 
view of their own work. The interest and enthusiasm of the 
author for his work are worth more to the university than is strict 
adherence to details of form. 

The increase of publication at state institutions in recent years 
seems to show that the results of university research meet with 
favor from the people of the states. We have entered a stage in 
which the support of investigation and publication of its results are 
to be cared for by the state to a greater extent than in any previous 
period. Generous contribution by individuals and by many or- 
ganizations will continue, and with these the increased and regu- 
larly contributed support from the community will make for rapid 
advance, and for greater efficiency in the future. 


UNIVERSITY OF CALIFORNIA 


THE CONTRIBUTIONS OF RESEARCH 


SUPPOSE that a man of the academic type is presumed to inter- 
| pret “research” as limited to that aspect of constructive work 

which goes on in the university laboratories. Though we may 
think of research as academic, it represents also whatever effort is 
put forth to build, to construct, or to make whatever is developed 
of new ideas or of materials. One might perhaps think of research 
as represented more largely in the laboratories of industrial institu- 
tions than in those of educational institutions. The largest re- 
search laboratory I know is that of a corporation in which the 
scientific output is comparable in many ways to that of several 
universities. 

Research must, for proper discussion, be divided, as Dr. Durand 
suggested, into that which is applied and that which is sometimes 
spoken of as “pure” science, which, I think of rather as disinterested 
investigation. One must keep in mind these two interlocked 
phases of work, both of which are important, neither of which can 
stand without the other. 

Applied research is that which one sees in the industrial labora- 
tory, in which there is a specific problem for which solution is 
desired. That problem may be a question of illumination—it may 
relate to the filament in the lamp, or it may relate to the glass 
which surrounds it, or it may relate to the way in which it is designed 
or wired, or to the nature of the current; but it is a specific problem 
which is set before the investigator, requiring a specific answer. 
In settling problems of this sort one naturally draws upon all mate- 
rials available; but we often discover that the shortest path or what 
seems like the shortest one to the desired end is one of the roads that 
cannot be travelled, and while one sees the goal it is not possible to 
reach it. Another investigator, who makes wider excursions but 
always with his eyes open, arrives at this goal. This illustrates the 
difference between specific applications of research and research of 
the disinterested investigator. 


In report of the Committee on Scientific Research, Commonwealth Club of California, 
September 25, 1919. ‘War Time Advances in Science,” Transactions of the Commonwealth 
Club of California, vol. 14, no. 9, pp. 405-411, October 1919. 
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The disinterested investigator may seem to roam about aim- 
lessly but with his eyes open, with the idea of arranging, classifying, 
and using all the facts that he may obtain. I once thought that 
the academic man was the only one concerned with these researches, 
but have found that men in the industrial laboratories are among 
those who insist most strongly upon them. I have also discovered 
that some of the strongest supporters of disinterested research are 
engineers who direct the great industrial laboratories. They say 
that in their institutions they are raising questions concerning 
fundamental theory which need answer, and that they realize that 
there are whole fields of investigation important to them of which 
as yet we know but little. Many of these problems must be worked 
through by men concerned with fundamental research in universi- 
ties or in research foundations. 

One of the greatest lessons that comes to us from a study of re- 
search in the war is found in the fact that the results of investiga- 
tion used were largely those which had been completed and laid 
away, card catalogued and labeled before the war began. I was 
one of those enthusiasts who thought that research could make 
great contributions during the war. I preached that the stimulus 
of the war ought to produce certain ideas which might not be pro- 
duced under peace conditions. As some of my friends considered 
it possible for the war to last five or ten years, it seemed that cer- 
tain of the researches initiated within war time might finally be 
determining factors in winning the war. If the conflict had lasted 
six or eight years, it might have been won by results of investiga- 
tions initiated especially in the interests of the nations’ war-times 
need. 

As the science applied was that which we had before the war, it 
seems that we must agree with the view that necessity 1s not the 
mother of invention. Necessity does not generally create; it ap- 
plies. If you have no ideas before the need comes you will create 
little. The man who invented the steam engine was not particu- 
larly in need of such an engine at the time he invented it; but he 
discovered a principle which later on gave us the engine and all of 
the many inventions that came out of that particular application. 

The new scientific ideas then that were applied during the war 
were not only in large measure those which we had ready, but they 
were also in a large number of cases those things which had been 
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worked upon by disinterested investigators, and had seemed to be 
nothing more than the toys of students. The lesson that I want to 
bring out is that in the future we must keep a group of men en- 
gaged continuously in the investigation of every field of research, 
and that these investigators must keep their researches some dis- 
tance in advance of the needs of the moment. It is an exceedingly 
dangerous thing to be at the end of the stock of materials you wish 
to use, whatever the business in which you are engaged. You do 
not know what the next need will require, but you do know when 
that time comes you will wish to have the ideas needed without 
having to devise them. 

During the period of the war productive research in this country 
dropped to a relatively low level, and at the present moment, at the 
end of the war, we have come nearer to using up our stock of re- 
search contributions than during many decades past. This means 
much to us because at the present moment we have use for more 
kinds of new ideas than in any stage for many years. Recon- 
struction presents especially large needs by reason of the fact that 
it covers more activities than war. What we applied in war bore 
only upon one particular project. Now we are engaged in a great 
variety of kinds of construction, and find many problems that 
urgently need solution. One of the greatest requirements we have 
today is the placing of as large a number of men as can be secured 
upon investigation of questions the solution of which we cannot 
attain without intensive study. 

I am expected to say something this evening regarding the appli- 
cations of science in promoting efficiency and in adding to the pro- 
ductivity of the country during the war. I may begin with illustra- 
tion from those applications tending to increase the efficiency of the 
nation. Efficiency, as I see it, is the using of what we have with 
the least waste to secure the largest result. There is no place where 
we have the idea of efficiency put into effect more clearly than in use 
of the energies of human beings. I do not believe that we can find 
a better illustration of the use of science than we secure in this kind 
of application in psychology. A psychologist is a man who gives 
himself to a study of human action; he does not know whether he 
will be called a philosopher or biologist. He stands at that point 
where we tie mind to matter or thought to the brain. 

I remember very well a meeting at the University at the beginning 


2356 PUBLISHED PAPERS AND ADDRESSES 


of the war in which some of us considered the contributions which 
the faculty could make. Among other departments we discussed 
what the psychologists could do to help win the war. We were 
sure that an important contribution could be made, but it seemed a 
path-finding undertaking. As I view it now, there is no group which 
came nearer to the first rank in contributing to efficiency in the war 
than the psychologists. Some of the things they did you all know. 
Everyone is acquainted with the tests of the psychologist for deter- 
mining whether men brought in as recruits would make good avia- 
tors. We know that some of the tests gave little result. It was 
not always possible to say that a man would make a good aviator, 
but it was possible to ascertain that some men could not make 
aviators. In that way we saved lives, saved the time of the officers 
in training, and saved the use of machines. If the psychologist had 
been given time he would no doubt have told us which men would be 
good marksmen and which men would have courage, but that stage 
was not reached. 

Another field in which psychologists did most important service 
was in the working out of the plan for rating officers and men; in 
other words, for development of an efficient method for promoting 
men, making possible the rapid development and organization of an 
army. ‘This was of much importance with the great number of men 
to be handled. The plan had faults of course. You cannot have 
anything constructed in such a short time that will not meet difi- 
culties. But it seemed to work. It will be improved in time, but 
it added greatly to the efficiency of the force that went across the 
sea. So important was this contribution that Dr. Scott, a leader 
in the work, was called away from his position shortly after the end 
of the war to assist in development of plans for efficient organization 
of personnel in peace-time work of various types. This work has 
been organized in the Scott Company which is continuing an 1m- 
portant contribution to business operation in America. 

Out of the psychologists came another group that made an 
important beginning before the end of the war; this was the section 
which had as its function consideration of the morale of the men 
in the army. ‘This was the business of scientifically estimating the 
value of certain qualities of mind, and which had as its object the 
working out of plans by which men could be kept at all times in the 
best mental condition to give them the stamina, courage, and the 
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strength. This was a scientific organization. It was a part of the 
army, and came to be an important phase of its work, contributing 
to the efficiency of the nation at war. 

I must not weary you with applications of this nature and will 
shift to one or two points in another field of science. I hesitate to 
approach the field of astronomy and mathematics, in which Dr. 
Durand and Dr. Campbell know so much more that is worth discus- 
sion. When in Washington one of the group of specialists that 
impressed me most was a combination of astronomers and mathema- 
ticlans concerned with mysterious formulae which only a few mathe- 
maticians and astronomers know. These men took up the problem 
of flight of projectiles in artillery practice. They found that a 
slight modification of the form of the projectile might help greatly 
with the range. Then they investigated the gun. A part of this 
study was mentioned by Dr. Durand in consideration of the atmos- 
pheric conditions which control artillery calculations. In study of 
the flight of the projectile they used mathematical and astronomical 
methods that had not been applied previously. They greatly 
bettered the pattern of the gun, and they increased the range. This 
is another contribution of pure science to the effectiveness of the 
army. The mathematicians and astronomers had been working 
similar problems in advancing their special lines of study in time of 
peace. 

The contribution of specialists in mathematical research to 
strengthening of artillery suggests that we must always assume that 
there will be progress in any field of investigation in which there is 
competition. We must continually look ahead for application of 
the last possible item of information from whatever source it may be 
derived. We saw many old ideas set aside when we came into this 
war. I hope if we conceive of another war as possible we will keep 
continuously prepared in the future by contact with those groups of 
investigators who have closest acquaintance with research in fields 
through which new advances will presumably be made. 

I shall not give further illustration from physics and astronomy, 
but I cannot avoid mentioning one that represents this contribution 
to efficiency by the way of biology. This morning when I opened 
“Science,” the official organ of the American Association for the 
Advancement of Science, I noticed a very interesting article which 
was in effect a letter from the Surgeon-General of the United States 
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Army to the Rockefeller Institute for Medical Research, expressing 
the thanks of the Medical Department for having had the great 
facilities of the institute placed at its disposal for research, teaching, 
and care of the sick, during the war. There was no group of men 
that gave us a larger contribution than those who represented 
biology and medicine. They kept the army in health and strength. 
They returned the wounded, and they almost brought back the 
dead. In medicine there is a focusing of chemistry, physics, and 
various branches of biology upon the study of human life. From 
the Rockefeller Institution and from other institutions we have one 
of the most wonderful examples of increasing the efficiency of the 
army and navy that we know in history. 

I am also expected to say something regarding relation of re- 
search to the productivity of the country, and this I must reduce 
to narrow limits. There is much to be said about food; there is 
much to be said about all kinds of products in which scientific 
investigation had an important place. To indicate that research 
had some part in matters that concern food, I might only say that 
the United States Department of Agriculture has available for 
research in the next year something like twenty millions of dollars. 
This indicates that the country considers that research has been 
an important instrument in helping us to produce through this field. 

A special example which I wish to give of the part which science 
played in definite production in the war is this: Chemistry, without 
any question, was one very large factor saving us from defeat. It 
makes no difference how many soldiers we might have had, or how 
much food, had it not been for the chemists who came to the front 
and met the tremendous menace of poison gas, the allies would have 
known defeat. Chemistry in this instance made a clear contribution 
of an immensely important production, which came partly out of 
the science of the research laboratory, and partly out of the science 
of the industrial laboratories. 

I will close with just this word, which is to repeat what I said 
to the effect that the science which was used in this war period 
was the science which was available before the war. I make this 
remark now because it seems to me we must bear in mind that we 
should at all times have a similar stock of constructive material 
ready for whatever emergency may come. Good San Franciscans 
never expected the particular kind of a fire that came some years 
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ago and shook our homes before it burned them; we have not looked 
forward to any such calamity as came to us. Good citizens did not 
look forward to such a world conflagration as came out of the confu- 
sion of nations in Europe; and we may not now sit back and assume 
that for all time in the future we are to be spared great cataclysms 
and great catastrophes. We do not know how the next one will 
originate. It may come through some source that is not now clear 
to us. We should be prepared for the new emergency by reaching 
out to know at least in part new regions of thought and by fitting 
such knowledge into our present store of organized information. 
In other words, I am making a strong appeal for that kind of intelli- 
gent disciplined research which will constantly keep us beyond the 
forefront of industry and of applied science, and make us ready to 
meet new conditions whether they be emergency incident to catas- 
trophe or the needs of industry and art reached through the ever 
increasing complexity of our civilization. 


THE FUNCTION OF EDUCATIONAL INSTITUTIONS 
IN DEVELOPMENT OF RESEARCH 


N THIS day of application of science in every department of 
human interest, we naturally find investigative work con- 
ducted by a great variety of institutions. The relating of 

research to this wide range of activities is now recognized as essen- 
tial. It is also considered important that in all types of construc- 
tive work there be a certain similarity in method of approach, but 
recent studies have raised a question concerning possible duplica- 
tion of effort, and therefore of inefficiency in our organization of 
science and research. 

The following note has been written with the aim to define the 
special functions characterizing research of educational institutions 
in contrast with those of other organized effort directed toward the 
advance of knowledge. For the purposes of this discussion it has 
been necessary to consider a tentative classification of fundamental 
types of research agencies. Fuller recognition of the specific ob- 
jects in these several fields of endeavor, it is believed, may lead to 
larger efficiency and better scientific organization of the country 
as a whole. 

Without assuming to present a complete or exact classification, 
we may divide our greater research efforts into five groups: (1) 
research of practical application in engineering laboratories; (2) 
governmental bureaus and laboratories; (3) research foundations; 
(4) museums and allied institutions; (5) educational institutions. 
To these five a complete statement would add several of lesser mag- 
nitude, among which a very potent force is found in effort of indi- 
viduals working privately, as has been done to the great advantage 
of science by many pioneers in investigation. In order to make 
clear the position of educational institutions with relation to the 
other four kinds of research agencies, it is necessary to give an 
approximate definition of each type. 

(1) The expression of research referred to as “practical applica- 
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tion in engineering laboratories” includes use of science in develop- 
ment of economic interests in the great variety of ways in which 
investigation contributes to the good of mankind. The words 
“engineer’’ and “‘science’’ are here used in the widest sense, covering 
the appliers of knowledge secured by investigation. The operations 
of this group might be illustrated by the constructor of railways, the 
builder of aeroplanes, or the dentist. The work of the engineer in 
all of the fields in which he operates may unfortunately be carried 
on by rule of thumb application without consideration of the 
special merits of each case. The true engineer we all recognize 
as one who views each problem as a new subject for special study. 
In a large measure his judgment must be based upon previous 
experience with similar studies, but his greatest success comes 
through realization of the fact that each bridge to be built, whether 
it be intended to cross a river or only to reach from one tooth 
to another, presents a special problem not identical with any previ- 
ously considered case; and that failure to see the individual pecu- 
liarities may mean inability to make full use of the principles which 
are his instruments. The successful engineer is continuously en- 
gaged in the application of research methods. 

In a still larger sense does the engineer concern himself with 
research problems by consideration of questions which are not 
merely specific applications, but involve principles which must be 
better understood before he is able to proceed. ‘The dentist recog- 
nizes that knowledge of microscopic structure of the tooth is of 
fundamental importance in his treatment of tissues if this work 
is to have value in a degree of permanence measured in years or 
tens of years. The railroad builder realizes that not all rock 
foundations give real stability to a railway bed, and that an under- 
standing of the material through which he cuts may determine the 
ultimate value of his constructive work. ‘These investigations in 
engineering inquiry we often designate as research in applied 
science. They differ from those in so-called pure science only in 
the fact that the research of the engineer is specifically directed, 
and by nature of the inquiry is rather narrowly limited; whereas 
the real solution of the problem may lie in a rather remote field. 
The railway builder may find the answer to his engineering ques- 
tions in special phases of chemistry or petrography which were not 
included in the curriculum of his training course. 
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Even with the limitations which are set in investigations designed 
to meet specific needs in restricted fields of applied science, we must 
recognize that the everyday operations of great laboratories con- 
ducted by far-seeing corporations are developing some of the most 
significant advances in fundamental science of today. ‘The student 
of pure science must always keep in close contact with these special 
researches, both to be helpful and to receive from the engineer the 
great wealth of data which should be incorporated into the or- 
ganized body of fundamental science. | 

(2) Government institutions, as exemplified by the federal 
bureaus and laboratories of the United States, represent a field 
which is in some respects intermediate between that of engineers 
who apply and that of the special students of pure science con- 
cerned only with the principles of their subject. The laboratories 
of government departments exist for the special purpose of con- 
tributing for the benefit of the community. It is necessary that 
they serve as sources of information for practical applications and 
for interpretation of the principles of science to the great group of 
enquiring engineers throughout the country. 

Consideration of scientific problems relating to specific commu- 
nity needs leads the government bureau to undertake far-reaching 
and fundamental investigations in the broadest fields of applied 
science. Such researches, by reason of the wide range of interests 
covered, may extend farther than the studies of the engineer or the 
corporation. As institutions which stand for a continuing people, 
the government bureaus should be able to undertake inquiries 
from which results might first become available to later generations. 
It is unfortunate that budget requirements and responsibilities of 
political parties tend to limit us in handling of projects which 
should be continued for long periods or with large funds, for the 
expenditure of which immediate returns may not be visible. It is 
presumably true that all science has its application in one form or 
another, but exceptional vision is required in organization of 
government work to make it clear that every phase of each investi- 
gation undertaken represents efficient application of science for real 
needs. By reason of its practical limitations the government 
organization may lose opportunity for consideration of certain 
critical problems, the settlement of which would ultimately be of 
great advantage to the state. 
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(3) Research foundations, with ample resources, freedom of 
choice in selection of objectives, and with trained men of vision 
directing their researches, have given opportunity not otherwise 
available for exhaustive investigation of fundamental problems and 
groups of problems without regard to the time required in the 
study, and without reference to immediacy of pressure for appli- 
cation. These institutions have in some measure covered the 
fields for basic investigation which the corporation engineer and the 
government bureau could not readily reach. The efficiency at- 
tained by these foundations, the vision with which their problems 
have been selected, and the great contributions which they have 
made to science, to human thought, and to application of science 
in everyday life, rank among the greatest achievements of Ameri- 
can science. 

(4) The great museums of America have been strongholds of 
research in the natural sciences. Their function has generally 
involved the special study of wide or narrow geographic regions to 
which they are related through circumstances governing their ori- 
gin. The museums have also served a most important purpose as 
educators in natural history, supplementing in a vital way the work 
of the schools and universities. Through interpretation of science 
to the great public the museums have greatly assisted in the effort 
to make knowledge and reason the basis of our community judg- 
ment, and to give research the fullest opportunity to serve the 
people. 

In organization of purely research projects the museums have 
contributed a large share of the material upon which the advance 
of American natural history has been based. 

The work of these institutions is in general characterized by their 
peculiarly close relation to the public welfare, both in effective 
educational work and in the support of fundamental investigations 
for the sake of their human interest. They fill a most important 
place in the scheme of our research development. 

(5) The educational institutions of America, as represented by 
the universities and colleges, have always had a large place in the 
advance of knowledge in all its phases and in its application. Their 
range of operation in constructive scholarship has been as wide as 
the limits of learning and its use. 

In schools of engineering and agriculture, research has been 
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largely on specific problems of application not differing from those 
of the engineer’s laboratory or the government bureau. Here, as 
in the departments of fundamental science, the researches have also 
ranged into all phases of description, organization, interpretation, 
and analysis in special phases of science for which no immediate 
application is considered. ‘These activities have been financed in 
some part by the universities, and in part from the pockets of the 
professors. Considerable support has also come from business 
interests, from government institutions, and from research founda- 
tions. 

The university or college includes constructive work as a neces- 
sary part of its regular programme for at least four reasons, which 
may be stated as follows: 

(a) Investigation is an indispensable means of keeping the faculty 
in a position to present the most fundamental and most advanced 
knowledge through its teaching. 

(6) Training in creative or constructive work is one of the most 
important phases of teaching and can be carried out successfully 
only through actual experience of the student. 

(c) The state will naturally depend upon the institution of higher 
learning as an exceptionally organized group of constructive experts 
prepared to consider urgent questions requiring investigation. 

(dq) As a body representing a wide range of closely interlocking 
subjects having continuous relation to research in one form or 
another, the university affords unusual opportunity for correlation 
of knowledge on questions in new fields of thought. 

In considering the first reason (4) we must realize that, even if 
the universities be assumed to exist only for teaching, they are 
expected to present the most advanced thought, and we cannot 
keep them in a position of leadership in understanding and in train- 
ing without a faculty continuously setting forth the best in thought 
and experience in every subject. This condition can be maintained 
either by continuous research on the part of the faculty or by con- 
tinuous renewing of the membership of the faculty. Continuous 
replacement of individuals is impossible, as the institution is a 
great and complex instrument in which the parts can be kept in 
proper adjustment only through long contact. It therefore be- 
comes necessary for the faculty to keep its position by continuous 
growth of its members. If this process is merely imitative, the 
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teacher is not an authority. The only way in which he can be 
assured of growth is by working in his specialty. This constructive 
operation involves intimate knowledge of the fundamentals of his 
subject and definition of the limits and relationships of his chosen 
field of study. 

More than this, the function of teaching in an educational insti- 
tution does not concern alone the retailing of facts already assem- 
bled: it must include that kind of understanding of the subject 
which will prepare the student for his task as a leader in the future. 
To become such a leader the student must look beyond our present 
knowledge and experience with the expectation of accomplishing 
things which have never before been done. No good instructor 
can avoid recognizing this need of his students. No teacher who 
sees this requirement can fail to make a serious effort to determine 
the direction of advance in constructive use of his subject, if for 
nothing more than to point out to students the trend of the path 
and the preparation necessary for those by whom it will be ex- 
tended to new fields of usefulness. It is hardly possible for the 
instructor to obtain a clear view of future development in his 
subject without intimate personal relation to the most advanced 
work in progress. 

From the point of view of the student, training in constructive 
work or in development of creative imagination, suggested in point 
(4), must be considered of importance at least equal to the securing 
of information or the disciplining of the mind to habits of work. 
As in no other type of mental attitude, this involves the acquiring 
of a distinct love of the work and understanding of its purpose. 
It is not conceivable that the university will neglect this extra- 
ordinarily important aspect of the student’s preparation for future 
activity or that it will expect him to proceed without guidance. 
If this particular phase of educational activity is not to be elimi- 
nated, it places upon the instructor the requirement that he stand 
before the student as an unmistakable representative of creative 
work, and as illustrating in his personal attainment the end or 
purpose of his effort. Evidence of any other attitude on the part 
of the instructor will make useless whatever attempt he may make 
to serve as a leader or adviser in the field of constructive study. 

The third contribution of value (c) furnished by research related 
to education concerns the immediate use of the results of this study 
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by the community. While the university is naturally assumed to 
be primarily an educational institution, it has been made clear that 
without continuing research it can neither provide adequate in- 
struction nor maintain its leadership in the educational work 
required. Constructive problems in all departments of investiga- 
tion must be continuously the subject of successful handling, and 
the results of this work will be products of the first importance to 
the community. It is natural that to such an institution the whole 
people will look for the appearance of new ideas of broadest signifi- 
cance and of practical value. It is to be expected that the state 
will depend upon the university for information and will expect it 
to furnish the necessary knowledge and the constructive ability 
required in meeting new situations that make necessary the build- 
ing of new plans of thought for community use. The contributions 
made by research in these institutions will generally tend to concern 
fundamental subjects and to group themselves on the more indef- 
inite areas along the borders of knowledge, but it is frequently 
these broader principles which offer the largest opportunity for real 
addition to the sum of immediately useful information. 

The fourth reason (d) for including research as a part of the neces- 
sary programme of an institution of higher learning involves one 
of the distinguishing characteristics of the university. By reason 
of the extraordinary scope of interests represented in such a body, 
one might expect the unusual opportunity for contacts of investi- 
gators in related fields to produce new combinations of formulae, 
and through these the opening of new fields of discovery. No other 
organization presents the same wide range of subjects represented 
by leaders of thought who are normally investigators. To these 
conditions the university adds an unusual freedom of opportunity 
for choice of materials or combination of materials to be used in 
investigations, as also the stimulating influence of a continuous 
stream of students with new inquiries and new ideas. In no other 
type of institution engaged in investigation are the chances greater 
for contribution in fields representing either new groupings of sub- 
jects or areas which have thus far remained untouched by the 
workers of all organized departments of knowledge. 

For all of the reasons that have been presented research has now 
an established place in institutions for higher learning. The posi- 
tion of constructive work in the universities is clearly not accidental 
but relates to the generic characters of these institutions. 
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To the university viewed as the highest training school, investi- 
gation becomes as necessary for natural activity as eating and as- 
similating are to continued effectiveness of the biological organism. 
The research so necessary to continuance of adequate instruction we 
come to recognize as a normal part of the life of the institution, and 
we look to this kind of an organization in the course of its growth 
to produce much of value in the forefront of discovery and con- 
struction. 

The university fails of its mission in creative work in many 
instances because, of all the types of institutions, it 1s the most 
imperfectly financed for this phase of the work which it should 
naturally conduct. With the clear requirement that, to keep its 
position in the first line of advanced thought, it must consist of men 
of the best type in the professions, the university is often financed 
almost exclusively for teaching and administration without refer- 
ence to research, and it is assumed that the constructive work so 
necessary to development of the faculty and students will be cared 
for in other ways. Beyond funds for purchase of books, depart- 
ments with large salary rolls for instruction often show almost 
nothing for constructive work. The ultimate result of this policy 
must be failure to attain the full measure of efficiency. Potential 
leaders in the faculty will either find support of their greatest con- 
tributions to knowledge outside the institution, or failing in this 
they will burn out like a lamp producing feeble light by burning a 
wick to which no oil is fed. 

The university, then, takes its place with other groups of research 
agencies of the country as an institution caring for the initial 
training of nearly all investigators, and particularly given to wide 
range of investigations among a great variety of fundamental 
subjects. Its activities in constructive work will often run parallel 
with those of other kinds of organizations, but breadth of interest, 
wide range of contact, unusual freedom of relationship, and spon- 
taneity will always be among its characteristics. 


ADDRESS OF WELCOME TO THE DELEGATES ON 
OCCASION OF THE INAUGURATION OF DAVID 
PRESCOTT BARROWS, MONDAY, MARCH 22, 1920 


IKE Other institutions of learning on the West Coast, the 

University of California is set off in a peculiar class dis- 

tinguished by its isolation from the great centers of educa- 

tional activity of the East, as also by the unusual conditions of its 

immediate physical environment and the exceptional nature of 

its outlook upon the foreign countries which are our nearest neigh- 
bors to the west. 

The earlier years of this university naturally saw here the evo- 
lution of peculiar customs, and a distinctive manner of thought, 
the growth of which was directed by the influence of an unusual 
environment in which we have developed without trammel of habit 
or tradition. Out of these first years came the origin of much in 
our life that is characteristically pioneer, Californian, and Pacific 
in our cast of mind and habit of learning. The sum of these qual- 
ities is an individuality not less clearly marked than that of Har- 
vard or Oxford: an individuality giving expression to freedom and 
vigor of thought such as one might expect in an institution situated 
on the frontier of civilization in surroundings distinguished by 
great contrasts of topography, climate, and vegetation. Under 
these conditions there developed here the philosophy and natural 
history originating with Joseph Le Conte; the agricultural chemistry 
of Eugene W. Hilgard; the Spanish-American studies of Bernard 
Moses; and the school of metaphysics and philosophy led by George 
H. Howison. 

With the coming of Benjamin Ide Wheeler in the last year of the 
last century, the University was connected with the life and scholar- 
ship of eastern United States and Europe more closely than in its 
early decades, and the influence of a great organizer and builder in 
the field of education gave us more fully the form and thought of 
the American university. In this administration came also rapid 
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growth of the faculty, submerging the small group that had repre- 
sented the standard and type of this institution during the first 
stage of its life. The University came to be more American, though 
not less Californian, and with this broader outlook it took a larger 
place in the affairs of the nation. But the influence of environment 
is cumulative; with the passage of years President Wheeler was 
transformed into a Californian, and became a developer of dis- 
tinctively western creations arising from our freedom and initiative. 

With added experience in peculiarly Californian problems, Presi- 
dent Wheeler saw the increasing importance of our geographic 
position—a situation keeping us inseparably bound within the 
structure of the great American nation, but permitting us to de- 
velop a vigor of body and mind possible only in the protection of an 
isolation among natural surroundings of unusual stimulative influ- 
ence. He saw also the great opportunity of this location as one of 
the vantage points from which America looks out toward the great- 
est and most populous of continents. It is not without significance 
that our honored President Emeritus is today in the Orient on a 
mission of codperation concerning America and a great Asiatic 
nation. 

The two periods through which the University has passed mark, 
jirst, a stage of development of individuality distinctly local in 
origin; and a second stage distinguished by closer relationship to 
American ideals of education. Upon these ideals there were built 
characteristics that are generically American, though specifically 
Californian, and show a beginning outlook over the broader field of 
world interest in the Pacific region. 

And now, following upon the natural steps of our development 
in size, in knowledge, and in vision, we come to a ¢hird stage. In 
it we enter upon an administration characterized by the presi- 
dency of a man distinguished as a Californian and an American, 
but whose field of active interest in science, in education, and in 
politics, has related itself especially to the problems of the Pacific 
in the wider sense. 

The Regents of the University have therefore considered it 
desirable that the entrance of David Prescott Barrows into the 
duties of the presidency be made the occasion for directing special 
attention to certain of the most important relationships and respon- 
sibilities of this institution, especially those which concern our 


2370 PUBLISHED PAPERS AND ADDRESSES 


wider view over the Pacific region, next which we stand, and for 
the knowing and the interpretation of which no other American 
institution can be held responsible in larger measure. 

It is significant that the entrance upon this new epoch in the 
history of the University follows immediately upon the greatest 
movement of all time for international organization, an effort now 
slowed down almost to halting, largely by reason of inadequacy 
of knowledge of the world as a whole concerning the real issues 
involved. Never before have the woefully narrow limits of or- 
ganized information on world questions been so clearly defined, and 
never was the need so great for unselfish men with a knowledge of 
this field perfect in its simplicity and complete in its comprehension 
of detail. 

On the map of the world there are areas in which uniformity of 
topography and climate, of economic products, racial character- 
istics, language, and culture prevent contrasts of peoples, and there- 
fore diminish the possibility of conflict in human interests. Regions 
of marked contrast, like the Balkans, are danger spots, in which 
continued prosperity and peace can be obtained only by full knowl- 
edge and realization of the elements of danger, and by unselfish 
application of the fundamental principles of human government. 

Among the distinctive areas which must be set off on any map 
we must include the Pacific as a region showing unusual extent of 
physical uniformity, but bordered by marked contrasts in physical 
features and in human life. In the past, this uneasy ocean may 
well have deserved the name Pacific in the human sense—as it has 
assured peace through the magnitude of the barrier intervening 
between the bordering peoples, however sharp the contrast of their 
interests. Recent years have seen this ocean contract as means of 
communication have advanced, speed and capacity of ships have 
increased, foreign trade has extended, and national interests have 
touched more and more closely around the world. ‘Today we see 
the Pacific with its once widely separated bordering peoples brought 
nearer and nearer together, until the great barrier is in considerable 
measure removed, and nations long separated, and with naturally 
divergent aims, are thrown together. With this closer contact 
there comes increasing need for mutual understanding among the 
peoples concerned; and the Pacific, from a region marking a gap 
between two edges of the world, becomes an area of prime signifi- 
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cance in international affairs. In this time of world adjustment, 
when what concerns one nation touches all, we must recognize this 
area as presenting one of the most important phases of the ultimate 
problem of world organization. That the mutual help which now 
obtains among the nations of this region may be maintained 1s the 
prayer of all. But this future peace is in the keeping of knowledge, 
for not in power alone lies the guaranty of stability. 

Nowhere should the broad view of the whole problem of relations 
among these peoples have clearer expression than in great educa- 
tional institutions, representing as they do the widest range of 
organized knowledge and the leadership of thought in every field 
of inquiry. It is therefore fitting on this occasion to place before 
the delegates of educational institutions here assembled, the sug- 
gestion that a very large measure of responsibility rests upon us 
jointly for mutual support in the nations and peoples that we repre- 
sent, in order that we may maintain prosperity and peace, which 
alone permit advance of science, art, culture, philosophy, and every- 
thing for which education stands. 

There are reasons for believing that organization of every uni- 
versity as an instrument for special consideration of these greatest 
questions would go far to assist in the continued advance of that 
kind of knowledge which we must be continuously assembling upon 
the matters fundamental to harmonious development of the diverse 
national and social units of which the world is composed. The 
affairs of other nations may have seemed not to be our concern, 
but recent experience has shown us the expense of suchneglect. No 
institution which fails to prepare both its students and the com- 
munity for real understanding and competent handling of the next . 
great world issues can be considered as deserving a leading place in 
education and in constructive thought. 

The University of California has had set before it for several 
years need for adequate organization to bring the institution to 
function as a whole on the intricate problems of international rela- 
tions. In the hope that an outline of this experience may bring 
your assistance and codperation in furtherance of a larger plan, I 
may be permitted to present it in briefest terms. 

The University first came to realize fully the significance of the 
world problems finding their expression in the Pacific through 
consideration of the plans for the Panama-Pacific Exposition of 
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1915. It was then that we saw clearly the function of the university 
as an instrument for work upon such questions. In planning for 
the Exposition the views of our educational institutions were in 
part realized through scientific conferences, largely attended by 
delegates from many foreign lands. In these gatherings the founda- 
tions were laid for future international codperation reaching into 
many fields of knowledge. 

Following the Exposition, in November, 1915, the Academic 
Senate of the University of California gave consideration to certain 
problems concerning the wider relations of this institution, and 
adopted a resolution proposing that “‘this University give increased 
emphasis to the work of instruction and research in problems of 
international and inter-racial relations; and that a committee of 
the Senate be appointed to formulate a plan for organization and 
expansion of instruction and research, having the definite purpose 
of assisting in promotion of amicable world relations.”’ The com- 
mittee appointed to carry out the plan proposed in the resolution 
of the Academic Senate reported in September, 1916, in part as 
follows: 


“Your committee is also impressed with the magnitude of the area in this 
field over which it has not been possible to extend the activities of this institution. 
It is evident that a large part of the materials necessary for adequate judgments 
on international questions of greatest moment and of especial significance to the 
Commonwealth of California have, in proportion to their ultimate importance, 
much less adequate representation in the sum of our available knowledge than do 
many other matters assumed to be of immediately practical significance. Your 
committee feels that at this time of world upheaval, no problem overshadows in 
importance that concerning the relations of this country with its neighbors. We 
assume that, however great the capacity for wise and accurate judgment, proper 
adjustment of our national position to changing conditions cannot be made with- 
out full and well organized knowledge concerning the real viewpoint of our neigh- 
bors. This must include a wide range of information relating to the environment, 
history, attainments, social institutions, and ideals which together determine the 
attitude of nations. 

“The committee holds that no institution is better organized for assembling, 
comprehending, and organizing the knowledge required in solution of international 
problems than is a university; and that upon no institution rests a larger share of 
responsibility for understanding international problems of the great Pacific area 
than is placed upon the University of California. This faculty should be one of 
the principal sources of knowledge and authority on this subject. 

“As an initial suggestion prompted to support work now in progress your com- 
mittee recommends that all departments concerned with courses touching ques- 
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tions of international relations in the Pacific area consider the possibility of in- 
creasing the emphasis on such instruction with a view to making this work more 
largely available for general culture and information, and also with a view to mak- 
ing it a basis for work of graduate students. 

“The committee recommends as a provision for support of research work in 
this important field, the establishment of a chair primarily for research in interna- 
tional relations, the appointments to the position to be for limited periods only, 
and the selection of the appointees to be determined by evidence of ability in con- 
structive work on international problems. It is recommended that this position 
be used according to circumstances either for members of this faculty deserving 
opportunity for intensive investigation, or for other persons whose interest and 
influence might contribute to our thought, and to the sum of available knowledge. 
It is further recommended that this professorship carry with it a fund for research 
expenses not less in amount than one half of the professor’s salary.” 


The report of the committee was adopted by the Academic 
Senate and was considered by President Wheeler for action as early 
as possible, while the committee was continued with increased 
membership, in the hope that we might realize some of the objects 
of the committee’s recommendation to the Senate through reor- 
ganization of the University’s curriculum. 

Before the provisions of this report could be carried out in full 
America entered the World War, and the interests and strength of 
the University were immediately engaged in urgent matters of 
preparation for the part which we were to play. The members of 
the faculty especially concerned were widely scattered, and it was 
not until the close of the war that the International Relations 
Committee assembled again with the membership of the pre-war 
period. At the present time the committee consists of fifteen mem- 
bers, representing all of the departments of the University particu- 
larly concerned with international problems, and through the sup- 
port of Dr. Barrows as head of the Department of Political Science, 
a Bureau of International Relations has been arranged to relate 
itself to this larger University group. 

_ On the occasion of our fiftieth anniversary in March, 1918, the 
University celebrated its birthday with a programme in which the 
fifty years of history were taken as a basis for consideration of the 
future constructive work of this institution. The central theme of 
the celebration was the place of the University with reference to 
world affairs, and especially with relation to our interest in the 
problems of the Pacific. On this occasion the Committee on Inter- 
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national Relations called a series of twelve conferences on questions 
covering history, international aspects of the race problem, inter- 
national relations in science, oceanographic problems of the North 
Pacific, biological problems of the North Pacific, problems of agri- 
cultural education and research, international aspects of trade and 
commerce, and international problems of education. These con- 
ferences were largely attended and the discussions, now published, 
contributed much of interest and importance to our knowledge of 
the wider relations of the University. Of especial interest were the 
addresses by delegates from other countries bordering on the Pacific. 

The most recent activities of the International Relations Com- 
mittee have concerned a review of the curriculum of the University 
with special reference to topics involved in the study of inter- 
national problems. At present, a wide range of courses on these 
topics is offered, but there is need for still more organized work, in 
order to present to students of international relations full oppor- 
tunity to know the field with which we are especially concerned. 

The committee has also organized, and now has in progress, a 
series of lectures by eminent authorities on international problems 
of the Pacific; the assembling of this material in book form will 
mark a real contribution to this field of thought. 

What the University has been able to accomplish in the inter- 
national field is not large in comparison with what might be done. 
We realize that this can be only a part, though an important ele- 
ment, in our whole university duty. We need now especially the 
cooperation of other educational groups, organized for the same 
purpose. However large the significance of societies and other 
similar organizations, the universities have especial value in this 
connection, representing as they do the continuing uninterrupted 
influence of a great and versatile body upon a constant stream of 
youth which will control our future international policies. 

Every true university man must then look forward with pleasure 
to the opportunities of the epoch which this University with others 
is entering. We see a time in which knowledge derived from every 
field of study and investigation will be brought to bear upon national 
and international problems of economic and political organization 
overtopping the dimensions of any which we have heretofore faced. 
The worth of the college and university in assembling the materials 
needed, and in judgment upon theory and practice, has been proven 
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beyond question. The field open before us in this western region 
invites the man of action. The President who now takes office in 
the University is such a man, and he has given himself especially 
to the wider view. We believe that under his leadership this 
institution will serve its purpose in the evaluation of evidence upon 
questions of critical meaning among the nations. 

It is with these thoughts uppermost in our minds that the dele- 
gates here today have been called together. The University is 
honored by the presence of representatives from a great group of 
sister institutions in our own and neighboring countries. We know 
that our problems are yours. We realize and appreciate your in- 
terest in our welfare. We welcome you to participation in this 
celebration; we bespeak your codperation in this great task, which 
rests in large measure as a joint responsibility on educational insti- 
tutions. Upon this work will be based not merely the knowledge 
of our future teachers concerned with world affairs, but future 
statesmen and executives will depend upon it to aid in guarding the 
natural right of humanity, as individuals and as groups, to live and 
grow into the largest usefulness compatible with the freedom of all. 


THE RESEARCH SPIRIT IN EVERYDAY LIFE OF 
THE AVERAGE MAN 


ESEARCH has been considered generally as a phase of effort 
quite distinctly set off from the natural course of human 
interest. It 1s my purpose to discuss the spirit or attitude 

of investigation as normally involved in the everyday working plans 
of the average person. 

Of the significance of research in all fields of our endeavor the 
extraordinary advances and applications of science in the recent 
war have not left the world in doubt. For nearly half a century 
Germany had been known as a nation given to investigation in a 
great variety of little explored subjects, and governed in con- 
siderable measure in accordance with the results of such researches. 
The strength of German military organization, backed by scientific 
and economic interests welded into one powerful instrument, 
brought to all the Allied Powers full realization of the need for a 
supreme effort of intellect in many kinds of scientific and economic 
operation previously unknown. The result of this reaction was a 
stupendous contribution to application of research. Incidental 
failures, due to unpreparedness and to lack of organization, may 
not detract from the importance of what was thus produced. 

No less clear is now in post-war reconstruction the evidence of 
need for entirely new views of old knowledge, for immediate answer 
to old questions not yet solved, and for quick results of investiga- 
tion on problems of construction never before encountered. As 
had been predicted, we find ourselves to-day going forward to new 
plans of human organization, but more unsatisfactorily prepared 
for the complex situations of the new era than we were for the more 
narrowly limited and clearly defined issues precipitated by sudden 
climax of war. Conflict such as that through which we have just 
passed intensified interest and brooked no delay in judgment. 


Address of the retiring president of the Pacific Division, American Association for the 
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Reconstruction under peace conditions sets no precise time limits 
for its decisions. Therefore, we face to-day the settlement of great 
questions upon which the future of the world depends, but without 
that definite intention of judgment called forth by the immediate 
urgency of war-time crises. Our need for solving present vital 
problems requires a clear understanding of what the questions are 
and a determination of the responsibility for their solution. While 
we may assume that this responsibility rests more heavily upon 
some than it does on others, it is my purpose to call attention to the 
part which all thinking people have in the movement to bring these 
great issues to settlement. 

In order that there be no misconception of the views presented, 
it should be clear that the interpretation of research in this discus- 
sion comprises not merely the detailed investigations of funda- 
mental scientific principles, but with this includes all inquiry which 
may be included within the range of thought leading to constructive 
action. The mere acquisition of knowledge does not contribute 
unless it 1s carried on in such a relation that it leads ultimately to 
the process of building. On the other hand, construction cannot 
go on without the process of investigation, as each new building 
operation involves an individual problem to be solved. 

Some one has said that much of research—with the accent on the 
“re’’—may be so called because after completion it becomes neces- 
sary with much labor to search it out again when real opportunity 
for use appears. Work of an investigational nature carried on with 
the right spirit, and with proper organization, should be planned to 
find its place without great loss of energy or time, or at least be 
located where, with other building materials, it lies at hand ready 
for use as required. 

The research spirit represents a reaching out to understand and 
use all that lies about us. Its expression is as natural to a thinking 
mind as hunger is to stomachs. Its origin is by some compared to 
an awakening—in which we recognize the world of things about us 
but have come as yet only partially to know it. I prefer to think 
of it as identified with the growth tendency inherent in biological 
organisms, which may carry us on and on without limit, as our 
powers and range increase from age to age. Constructive work is 
inseparably a part of the living of intellectual life. 

Much of misunderstanding that arises generally regarding the 
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function and place of research relates itself to false conceptions, 
jirst of the limits of the broad field of knowledge, and second of 
the degree of stability in nature and in man as an outgrowth of the 
natural world. 

An astonishingly large percentage of the human family conceives 
of available knowledge as comprising nearly all that may be known, 
and including much not worth knowing. Such views are not 
limited to uneducated persons, but have been found among scien- 
tific men accepting as final all present fundamental theories of the 
nature of matter, origin of the earth, relationship of life forms, 
and other equally critical interpretations of the natural universe. 
It has required the shock of many recent discoveries in physics, 
chemistry, astronomy and biology to make clear the fact that our 
understanding of much that is nearest to us is only imperfectly 
formulated; and that in the present period we can be assured of a 
field of the unknown, but not unknowable, about us so vast that 
realization of our ignorance makes us look only with humble pride 
upon past accomplishment. To such a field for endeavor as | 
have remarked for science there may be compared similar regions 
in the economic, governmental, and cultural subjects, toward which 
not only the student but the man of business and of affairs looks 
out with strong desire for attainment of much in knowledge that 
has not yet been reached. In our day the research of business 
on scientific lines bulks large in comparison with non-applied sci- 
ence, and present accomplishment has only stimulated the desire 
for further advance. Every evidence that we have indicates the 
wide open range for discovery of new principles and new applica- 
tions of knowledge in practically every field which the intellect 
explores. 

In an attempt to understand the need for continuous research 
activity, an acquaintance with the order of stability or instability 
in nature and in human affairs is hardly less important than a con- 
ception of the relatively narrow limits of attained knowledge. 
Human beings seem curiously inconsistent in that though they are 
stunted individually without constant growth or change, they 
attempt to deceive themselves into belief that an unchanging situa- 
tion is the normal condition of nature. We calculate an average 
rainfall and expect it to rain just so many inches, be it 24 or 46 
each year. We are shocked if it rains less. We see the rocks 
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distorted and torn by countless movements dating through all past 
periods of earth’s history, but we are surprised when a slip of a few 
inches disturbs the seeming present-day stability and produces an 
earthquake. We build highways of concrete and are astonished 
that they wear out. We write constitutions and expect the judg- 
ment of the men who made them to fit all times and conditions. 
Yet history shows us that with the law which states that nothing is 
completely destroyed, we must write with Pythagoras that nothing 
remains continuously the same. The geological book—the greatest 
historical document of all the ages—gives us as one of its truths the 
fact that in the known hundred or more million year record of 
life, nothing has remained in constant form; that the rule has been 
not only continuous change but also continuous advance of the 
highest level. Through vast periods man has himself been sub- 
ject to changes like those that have been expressed in other living 
types; and the habit of nature so set forth seems to indicate that 
with the earth in continuous state of modification we may expect 
life and man to keep for the future a rate of growth not less rapid 
than that of past ages. Assured of the validity of these principles, 
we can be certain that as a race and as individuals we shall be al- 
most continuously under the necessity of meeting adjustment and 
readjustment to new conditions. We have to face not merely the 
question of new knowledge which research should secure for the 
use of the moment, but with this we must have understanding 
which will guide and support us in the continuous movement in- 
cidental and evolutional which must be looked upon as the natural 
order. 

With realization of the unattained limits of knowledge, and with 
the conception of continuously operating growth and readjustment 
to which we as individuals and as groups are subject, there comes to 
every person an understanding of the necessity for continuously 
Operating constructive work. The giving of such a view as has 
been suggested is in my interpretation a necessary part of the broad 
function of education. 

Education should not only give the wider and deeper view of the 
structure of knowledge, but with this it should furnish an acquaint- 
ance with the methods by which knowledge is obtained and applied. 
By one classification, educational work may be given five great 
purposes: (1) To determine our individual capacity for knowl- 
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edge, and adaptability to special subjects; (2) acquisition of facts; 
(3) learning quality of judgment and organization of materials; 
(4) developing power to construct or create; (5) forming of charac- 
ter and development of altruistic motives. Education often con- 
centrates itself on the acquisition of knowledge or of facts organized 
and unorganized, neglecting in considerable measure questions of 
capacity, training of judgment, constructive ability, and the de- 
velopment of character. Not without significance is an illustration 
in a recent publication representing a student with his arms piled 
full of books marked “‘knowledge,”’ but unable to accept the volume 
of “‘wisdom’”’ or judgment offered to him. 

The third and fourth of the five points mentioned in the classifi- 
cation of educational aims, namely, judgment and creative ability, 
are in a large measure representative of research. Though based 
upon the accumulation of facts, the critical significance of research 
lies in the quality of judgment and organization leading to con-: 
structive use, with the ultimate goal of application or service. One 
of the greatest contributions that education of the future can make 
is to place the emphasis in training on a broader view of organiza- 
tion of knowledge, on the ability to judge and construct, and on the 
desire for service. Not until such an understanding of the function 
of educational training comes into general acceptance, can we ex- 
pect the average man to be brought into full participation or in- 
terest in the spirit and opportunity of the constructive work of the 
world required from day to day. | 

It is, I believe, also a responsibility of the educator to bring about 
a better understanding of the relation between the two great ideals 
of construction and of service which are fundamental to the philos- 
ophy of right living. ‘Two groups of persons who contribute greatly 
to advance the comfort and happiness of mankind are, those who 
produce the new ideas upon which we build from age to age, and 
those who give themselves to public service in the larger sense. 
There is in my Judgment a close and necessary connection between 
these two types of relations to the community. Research should 
lead to construction and is not complete unless the results are 
available for general use; while public service rarely attains the 
purpose for which it is initiated unless it is distinctly constructive. 

I have spoken up to this time of the broader view of research, 
and of its more general relation to great problems with which we are 
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confronted. In considering specifically the connection of this phase 
of thought with the life of the average man, we should look more 
particularly to the practical value of constructive work in contacts 
which may be considered representative of everyday life. 

Research or constructive work is often divided into two types, 
One concerning fundamental principles without regard to their 
immediate application; the other, sometimes designated as research 
of application, representing especially the investigation of methods 
by which principles already known are put to human use. 

The first type of investigation has been advanced especially in 
institutions concerned particularly with scientific and educational 
problems. Much fundamental investigation has, however, been 
conducted by engineering and governmental laboratories estab- 
lished specifically for the purpose of contributing to clearly deter- 
mined needs. Through acquaintance with any one of many occu- 
pations such as agriculture, engineering, or business, the average 
person is sooner or later intimately in contact with some phase of 
this type of research. 

Research of application reaches its highest expression in the great 
engineering laboratories of corporations recognizing the possibility 
of drawing from the field of investigation uses of scientific laws or 
principles, which may make possible great saving or higher efh- 
ciency in the conduct of their business. Enterprises organized for 
legitimate gain do not always make increased income by increased 
profit percentage, but often by increase in volume of business, 
introduction of new materials, or utilization of new ideas. Vol- 
ume of business may mean increase of plant. The use of new ma- 
terials often means a practical reorganization of plant and increased 
expenditure. Introduction of new ideas may mean increased 
efficiency, increased profit, and, with the exception of purchase of 
patents, may not require continued increase of expenditure. 

Research of application finds general use in the problems of 
everyday business and everyday life, in which we are forced to 
make decisions which lie between following rule of thumb methods 
and the possibility of making a special judgment for every situation 
which confronts us. It is the difference between the attitude of 
the oculist or optician who has just so many possible standard types 
of cases into which all eye troubles can and must fit, and the other 
man who, under normal circumstances, considers each eye as differ- 
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ent from every other and judges it specifically, according to the 
fundamental laws of physics basic to his subject. It is the differ- 
ence between the type of housewife who makes all pies in California 
according to the rules used by her grandmother in Maine, regard- 
less of the character of the flour, or the kind of fruit; and the other 
housewife who, according to the materials involved and the end 
to be attained, judges through experience and experiment the 
combinations most acceptable. 

The average man of intelligence comes to recognize in the course 
of his thinking that he lives in a world which we understand only 
imperfectly. At every turn he encounters the limits of his own 
knowledge and of our total accumulated store. In every kind of 
business or occupation he moves among those concerned with at- 
tack upon problems which are new in the general as well as in the 
individual sense. In some small part he is called upon to help 
in the solving of these questions. He is also expected to know how 
to secure information on problems which he needs to solve. In 
a still larger way he must understand the movement toward solu- 
tion of economic and governmental questions, in order that as a 
citizen he may exercise his privilege of giving intelligent support 
to those whose special work it is to investigate these matters and 
to pass judgment upon them. 

It is part of the duty of the average man to know the difference 
between pernicious questioning and constructive thinking; to judge 
what things of the established order should be left alone and which 
should now be changed. He must be a conservative, standing for 
stability, and yet recognize the constitutional evanescence of all 
things natural and human, and stand for progressive movements at 
critical times. 

The average man must learn to know and value the contribution 
of the specialist or expert in constructive work, and call into his 
service men representing fields other than his own particular prov- 
ince. The habit of requesting properly organized investigation 
must be developed and put into operation in directions which show 
promise of leading to results of importance to the community in- 
terests. 

The average man will do his research mainly in the field of appli- 
cation, rather than in studies of fundamental principles, but he will 
find the pleasures of constructive work outweighing in realization all 
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other types of enjoyment. He will discover here a continuing in- 
terest which leads on with undiminished attraction and brings 
renewal of life stimulus. 

As opposed to the life of constructive type, we may visualize the 
conservatism of habit in those individuals who fit themselves into 
the treadmill cycle of custom. Their individuality wears down to 
nothing, and they become only cogs in a machine of which neither 
the structure nor the purpose is seen. On the other hand, the 
constructive life means not alone continuous growth and unending 
youth, but it offers as well the largest opportunity for enjoyment 
of service. It furnishes the basis for that reaffirmation of indi- 
viduality which both in science and in human service has been 
characterized as being born again. One who constructs and ac- 
complishes sees new life. Those who follow blindly and without 
individual vision are sometimes known as of the practical type, 
and not infrequently pride themselves on refusing to accept the 
new which may be good and perpetuating in their life work the 
errors of their grandfathers, which the grandfathers would not 
thus have carried on. | 

Research and advancement of knowledge in the future depend 
not alone upon expressions of individual genius, nor upon oppor- 
tunity for concentrated investigation in limited fields. The in- 
telligent use of results of constructive work by the people as a 
whole, a general understanding of the methods by which this 
information has been obtained, and a knowledge of the means neces- 
sary to support research are also indispensable. Great advances 
of the future are not dependent upon having every man do every- 
thing as an expert, but they will rest upon a wide appreciation of 
the importance of constructive thought, of organized knowledge, 
and of the need for continuous advance of knowledge. 

Education will play a large part in the support of research 
through giving, even in elementary courses, the proper view of 
knowledge and an understanding of the means by which it grows. 
Nothing would probably go farther toward bringing us to a satis- 
factory view of our present situation than a course of instructionon 
that which we do not know, but which might by investigation be- 
come known. With this there should go a presentation of evidence 
as to the methods by which constructive work could bring this 
information and apply it. 
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A great responsibility for realization of the possibilities in educa- 
tion rests upon those scientific organizations which have given 
themselves especially to the problems of constructive thought. 
Through the scientific institutions which we represent, it is our 
duty to make clear the function of education to train in judgment 
and construction rather than to encourage merely the amassing of 
facts. A responsibility rests upon us to see also that the results of 
our own investigations are not buried more deeply than were the 
materials upon which they have been based. New ideas should be 
clearly recognized, fully stated, and placed where the applying 
engineer may find the data which he requires to meet human needs. 
We have again a duty, so to organize our work that other investi- 
gators and applyers may not only know the results, but that they 
may cooperate with us to mutual benefit. 

There is no doubt that properly organized and coordinated efforts 
of science and education may increase greatly the present oppor- 
tunity of the average man for constructive activity, making his 
life more useful and happier. The average man of the future will 
of necessity live his life largely in a routine based upon customs of 
the prevailing social order. He will give himself to action governed 
by established rules formulated from experience; but always and 
increasingly in his individual affairs, as in his relation to the com- 
munity, he will find his largest measure of satisfaction in the 
building type of effort originating through his own thinking. As 
the product of the life work of each individual accumulates, the 
evidence of true individuality will become more clear, until there 
emerges from the chrysalis stage of mere physical and mental 
separateness the newborn personality of one who in creating an idea 
has given to himself the right of eternal individual recognition as an 
intentional participant in human progress. 

As the problems of community organization become more clearly 
visualized, the importance of the research or constructive spirit 
in the average man will increase, and the future of democracy de- 
pends in a measure upon the possibility of securing for each ca- 
pable person an opportunity to obtain the wider view of the greater 
problems, to learn dependence upon those who know and are true, 
and with all this to make contribution in an unselfish spirit. Un- 
less these objects are realized we are doomed to revolve without 
progress through endless cycles of misunderstanding and conflict. 
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Education with its varying emphasis on the fundamental truths 
of science, philosophy, human relations and religion is our principal 
safeguard. Our definite guarantees of progress are found in the 
lessons of history, taken with the present wide expression of indi- 
vidual responsibility for judgment in the critical affairs of citizen- 


ship. 


COMMON AIMS OF CULTURE AND RESEARCH IN 
THE UNIVERSITY 


Y DEFINITION universities aim to compass the whole range 
of knowledge. In practical operation they are charac- 
terized rather more by diversity than by unity of effort. 

It is in the nature of things that bodies so constituted should at- 
tempt to express the various phases of thought represented through 
many kinds of organization, and we expect to see philological, 
chemical, biological and other types of clubs or societies forming 
a normal part of the machinery of every great educational institu- 
tion. According to the particular interests of the moment these 
agencies within the walls group themselves in different ways to 
accomplish specific kinds of service. 

The most interesting of all organizations peculiar to the uni- 
versity are the two widely inclusive societies representing scholar- 
ship or culture in Phi Beta Kappa and research and science in 
Sigma Xi. These two bodies express in their aims nearly the whole 
range of higher purposes of academic effort. It has seemed to me 
that a study of their interrelations, extending to a redefinition of 
their common objects, might help to set forth that continuously 
needful statement and restatement of the reason for existence of 
institutions of higher learning. Inclination to consider the pur- 
poses of these societies has been particularly strong as the course 
of my life has carried me into contact with research and education 
in such a manner as to bring into close relation, and yet into strik- 
ing contrast, the types of academic mind which we call scientific 
and humanistic. Having seen these interests so frequently defined 
with special reference to their separateness the desire has grown 
to secure a better understanding of their true relations. 

Although recognizing fully the specific aims of scientific and of 
humanistic investigation one can not avoid being impressed with 
the importance of considering the similarity of their methods and 


Annual address before Phi Beta Kappa and Sigma Xi, University of Pennsylvania, 
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purposes. It is particularly desirable to consider this interrelation 
as a great group of thinking people still holds humanistic and scien- 
tific problems so different that common criteria may not be used 
generally in their solution. 

Scholarship and culture as they are involved in the aims of Phi 
Beta Kappa have been considered often to represent a goal quite 
different from that toward which the scientific investigator strives 
in Sigma Xi. Scholarship should mean understanding and wisdom, 
not merely information. Culture has been taken to represent re- 
finement of educational attainment and appreciation of knowledge, 
coupled with the development of personal characteristics giving 
that balanced judgment sometimes known as mental poise. Cul- 
ture should furnish perspective and interpretation. Its perspec- 
tive should make it possible to fit into their proper relations all 
available facts and to determine the position which new knowledge 
should take. In its truest expression it should be active and not 
passive, constructive and not absorptive. The imitative spirit is 
its greatest danger. True culture is a comprehensive vision and 
an attitude of the active interpreting mind. 

Sigma Xi was organized to promote comradeship in research. 
Its activity has been limited not infrequently to the so-called natu- 
ral history subjects. JI am unable to conceive of this organization 
as functioning logically if it does not cover the whole range of in- 
vestigative or constructive thought in which the scientific method 
is used. I think of it as standing for development of the attitude 
of mind which produces the builder, rather than for conduct of 
specific researches within a limited field. 

Research has been defined as a reaching out to bring together, 
organize and interpret whatever may be added to our store of 
knowledge. It may express itself in the most intensive studies in 
very narrowly defined regions, but is most truly exemplified when 
it involves the wider relationship of specific facts to the whole 
structure of knowledge. 

In the processes of research it is difficult to distinguish between 
those operations which are merely the gathering and those which 
are interpretation and definition. Simple collecting of materials 
without giving them their proper places and without interpreting 
them is work of a relatively low order and is doubtfully classed as 
original investigation. | 
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By definition the present discussion is limited to relationships 
between culture and research as expressed in the university. A 
clear understanding of my purpose, therefore, involves recognition 
of the real aim in university activities. Without intending to 
offer a complete classification of the objects and plans of educational 
work it may be well to set forth the following as representing some 
of the aims of university life. These are, first, to hold before young 
men and women the mirror of knowledge and experience in which 
they may be able to see reflected the qualifications which fit them 
individually for this or that profession; second, to giye classified 
information; third, to develop wisdom or judgment; fourth, to 
stimulate the growth of constructive or creative ability; and, fifth, 
to inculcate the element of character, which defines our relation to 
the world of human life. The highest aims of education are far 
from being generally understood. Many still think of this agency 
as informational rather than constructive, teaching imitation rather 
than initiative, and as focussed upon the past rather than the 
future. 

One of the most fully valid criticisms of university study lies in 
the fact that too often it looks backward without adequate expres- 
sion of relation between past and future. The young men and 
women who form the student body are at that early stage in which 
they have practically no past and naturally live in the present and 
future. Their eyes are turned forward with keen expectation of 
what the coming years may bring. Life and movement of life are 
to them the supreme enjoyment. Until their individual pasts begin 
to evidence marked effect upon the trend of their futures, uninter- 
preted history and experience represent to them only shadowy 
forms or objects of ill-defined curiosity. Quite in contrast to the 
ideas of youth the machinery of the university may lend itself to 
too strong emphasis upon what is behind us. Thus educator and 
educated seem to look in opposite directions, and like Lot’s wife, 
who “looked back from behind him,” the educator may become as 
lifeless as a stone or fossil without sensing the change, while the 
company of youth moves on. 

With a well-ordered program of university work, development of 
constructive ideals in the student inevitably carries with it in the 
scientific studies an unlimited series of questions regarding the rela- 
tion of each element of nature to other items or forces, and requires 


COMMON AIMS OF CULTURE AND RESEARCH 2389 


recognition of continuity or law through all space and through past, 
present and future. Similarly in humanistic study the ideals of 
conduct and character come to rest upon realization of a continuity 
of interests and responsibilities in the world of human life. These 
ideas of interrelation, which may in one sense be called law, are 
necessary to the clear expression of both research and culture. 
Scientific understanding of nature depends upon our realization of 
the continuity of its principles of being and action. The meaning 
of what is covered by culture and scholarship we shall not know 
adequately until we understand the interrelations of events in the 
history of human institutions. 

Large use of the principle of unity is essential if we would suc- 
ceed in attaining the ideals of education either in science or in cul- 
ture. The university programs which have greatest value are not 
prepared for the immediate future of the student but concern 
rather his activities at the time of maximum effectiveness. If the 
student’s life be of normal span he graduates near 21 and his 
period of greatest value to the world lies between 35 and 65, or 
from ten to forty years after graduation. If the many years of 
education are to count in the stage of most fruitful service, the work 
must be carefully planned for attaining this end. It should be 
clear that the most valuable information which the student carries 
away is not comprised in the immediately practical things for use 
to-morrow or the next day, but in the basic principles and methods 
which in later years will help to answer the new and critical ques- 
tions certain to arise, and in the answering of which there will be 
the largest opportunity for personal development. The details 
of specific studies in university experience are largely lost, but the 
attitude of mind resulting from honest thought, and the elemental 
laws which furnish the foundation for all constructive work will 
be of increasing importance. 

From the point of view of culture and also of science the subject 
of history is one of the greatest of all agents for making possible our 
understanding of the principle of continuity. History has not too 
often been considered a science, although in its effect upon the hu- 
man mind its operation is almost identical with the idea of con- 
tinuity or unity in physical laws. It has had too small a part 
among the great opportunities of humanistic education. Oddly 
enough the tritest phrase growing out of this study is that “history 


2390 PUBLISHED PAPERS AND ADDRESSES 


repeats itself,’ and therefore we seem only to be studying a past 
which in effect may be repeated in the present or future. But what 
is it that history repeats? In addition to the idea of continuity, 
the most evident things coming out of historical research are that 
history expresses two almost unvarying principles, one, instability, 
the other, progress; one the view that everything is subject to 
change; the other that this instability includes in its operation a 
general movement toward what is more complex and in the realm 
of intelligence toward fuller comprehension and understanding. 
I am willing that this statement be challenged, and shall not at- 
tempt within these narrow limits to give it full defense. It may 
only be remarked that if this view be accepted there is no greater 
lesson to teach a student than that, contrary to commonly accepted 
conservative views, the future in which he will live his life will not 
be like either the present or the past. The direction of movement 
in the future may, however, be indicated by the evidence drawn 
from a careful scrutiny of history. 

In preparation for later life, the well-trained student of history 
will look forward with a definite expectation of shifting lines, and 
should be prepared for those situations in which judgment may be 
exercised either to accelerate or to retard the natural movement of 
progress. The laws of history show us a normal instability which 
should be recognized and capitalized. We should expect to inter- 
pret the trend of events. The gift of intelligence puts before us 
the opportunity to help naturally with normal progress. The possi- 
bility which increased knowledge gives for greater evil does not 
mean that evil must therefore be done. It is only an evidence of 
wider range of capacity. It is scarcely conceivable that with all 
the consequences clearly understood real intelligence could permit 
the following of a path that would lead to its own destruction. 

It is difficult to discuss the influence of culture in the broader 
sense upon science and research, or the relation of these two ele- 
ments with the current reversed; but in the hope that the effort 
will be understood as an attempt to view the problem construc- 
tively, I venture to suggest what seem to be some of the normal 
interactions. 

Let us assume for immediate purposes of this discussion that the 
essence of research is the attempt to understand, organize, utilize 
and increase our store of knowledge. The only persons who are not 
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believers in the value of research are those who studiously keep 
away from the borders of knowledge. To one who has investi- 
gated in any subject our painful limitations are only too evident. 
The successes of research in every field within the past decade 
show that the possibilities open more widely with every discovery. 
One of the most dangerous types of people we may have engaged 
in handling affairs of moment is that which assumes all useful 
knowledge to be comprised within the facts already assembled and 
fails to recognize the possibility of progress in nearly every direc- 
tion in which we choose to investigate. 

Progress in discovery and in constructive thought has increased 
our social inheritance so rapidly that the luxuries of one age often 
become necessities of the next. If life is defined as a form of mo- 
tion, true living in the human sense is a state of motion in which 
the conditions seem not fully satisfied without a kind of advance 
which we call progress. I doubt whether happiness is possible with- 
out a sense of accomplishment, either individually or socially. 
Research by bringing a stream of new materials into application 
serves as one of the most important agents for making human 
progress and happiness possible. 

In order that we may know the materials with which we are to 
work in the future, education must present organized and simplified 
knowledge to each incoming generation. In addition to pointing 
out what is already known it is the duty of the university to indi- 
cate the direction in which progress may be expected or desired. 
It is important that special stress be laid upon the kind of thought 
and the methods necessary for progress in order that the future 
investigator may do his part. Among the greatest teachers within 
or without the university we rank those who have set forth not only 
what is known but also what should be known and should be done. 
In general they have shown the way by example as well as by 
precept and have been among those advancing exploration, dis- 
covery and philosophic interpretation. 

I believe that the lessons of history suggest continued advance or 
progress of the human type, both in social organization and in 
physical being. Social evolution represents an unbroken train of 
experience and therefore gives the greatest possibilities for accumu- 
lation of power and of opportunity to use it. In this type of evo- 
lution research is the most effective instrument employed. Phys- 
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ical evolution is related to replacement of individuals in the 
succession of generations. Without physical advance the limits set 
for mental capacity in individuals will mean the ultimate attain- 
ment of a level of social evolution beyond which we may scarcely 
reach; but what I see of history expands my optimism to accept 
the view that nothing within our horizon of information gives 
evidence that the final stage of physical betterment is yet in sight. 
I do not believe that with increasing knowledge we shall lose such 
opportunity for advance as may still be open to us. 

Research in science has suffered severely, both within and with- 
out the university, by reason of failure to recognize the magnitude 
of the field in which it operates and the interrelation of the elements 
comprised init. The researcher must, by definition, be a specialist, 
in that he should understand more fully than any other person the 
height or depth or breadth of a particular element or law of nature. 
Narrow specialization is often considered to represent research, 
and contraction of the limits of investigation is not infrequently 
desirable. But the greatest specialist does not merely go up high 
or down deep. He sees from these advantageous positions the real 
significance of his explorations. If he proceeds far in any direc- 
tion without interpreting what is learned in terms intelligible to 
others, the journey has been merely a personal excursion and not a 
contributing voyage of discovery. 

I come therefore to speak particularly of the need for contact 
between research and culture, in order that the broader human 
relation of culture and scholarship may bring to research a better 
power of expression and a deeper interest in its ultimate signifi- 
cance, thus making more useful the fruits of discovery. Research 
may profit greatly by contact with every human interest involved 
within the wide comprehension of culture. Much of the material 
uncovered by constructive work in science has not reached utility 
or become real contribution to humanity by reason of the view that 
investigation is complete without interpretation, or that it is an 
end in itself without regard to human use or meaning. 

Science and research have missed great opportunities because of 
aloofness from the more strictly humanistic aspects of investigation 
extending into the realm of culture. Problems of research have so 
multiplied within the field of natural science that there has per- 
haps been good reason for our failure to discover that the most com- 
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plicated, and therefore in many ways the most attractive problems 
possible to the investigator are above and beyond those which 
have mainly engaged our attention. Important as are the nature 
of matter, chemical affinity and organic evolution, some of the 
greatest fields for discovery still relate to the fundamental under- 
standing of human behavior and cultural interests, both in the indi- 
vidual and in the group sense. With adequate cooperation be- 
tween the scientific investigator and the humanist research should 
advance rapidly in the study of man and his cultural expression. 
Investigation of the physical basis of mental action may never pro- 
duce such results as have recently revolutionized natural science. 
On the other hand, it may be that human research will go farther 
beyond our present knowledge than radioactivity has carried us 
forward in physics. Are we to believe that man, probably the 
most complicated of all objects or instruments in the universe, may 
be neglected as the object of research by reason of his high level 
of development? Is it not clear that added knowledge, such as 
should be secured by united effort of the scientific investigator and 
the humanist, would give further control of our powers and greater 
satisfaction in their use? 

It is with the hesitation of one known as a representative of the 
scientific school that I touch upon the other phase of the problem, 
namely, the possible contribution of research to culture and scholar- 
ship. If I were to indicate what might from my point of view 
seem a dangerous element in scholarly and cultural studies as con- 
trasted with the situation in science and research, it would be to 
suggest that there is not in any branch of knowledge a finished 
chapter or a closed book, and that there is no field in which the 
principle of growth and progress may not be expressed profitably 
through constructive work. Culture must in some measure stand 


for conservatism and precedents. Theology tends by definition 


to be one of the most rigid of all phases of human thought, but 
scholarship stands next in rigorous adherence to standard. ‘This 
condition is natural. Even the normal instability of evolution 
shows generally a stately and unhurried movement which illustrates 
the idea of standards in rate of change. The researcher states, 
“There is more unknown than known’’; the scholar says, ““We have. 
before us only the known and must therefore base our practical 
lives upon it.” 
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Scholarship in a passive or conservative position diminishes its 
value. Culture not merely sets standards of form but may also 
indicate the rate of progress. It may not only require that we 
know the best from the past, but should demand the best that can 
be secured in the present and future. The study of human actions 
and interests is not to be limited by assumption that creation, even 
in the human sense, is ever complete, or that existing states of law 
or culture are final. Science and research should be tied to the 
humanistic group of agencies for a combined investigation of prob- 
lems of every kind relative to man. Culture should be a construc- 
tive force with the authority of history, and an active source of 
ideas and ideals. 

Research and cultural activities not merely overlap and have 
common aims, but their highest expression develops through influ- 
ence of similar types of constructive ideals. The idealism which 
gives life and hope to culture and science may be academic, unpro- 
fessional, or even unfashionable, but it has contributed much 
toward securing the present privileges of humanity. The prac- 
tical man insists that he is limited by what is and not by what 
might be. The idealist dwells upon what should be, with the hope 
that what is, by reason of its instability and by virtue of the laws 
of change, may ultimately come to be the thing desired. The 
practical man with his hands tied by what he must do sets prec- 
edents and limits which sometimes bind the wheels of progress. 
The idealist, with the widest view of unity and movement reach- 
ing through the universe of being and of thought, visualizes the 
larger possibilities and helps to sweep away obstacles in the path 
of advance along lines of natural development. 

And so, without further expansion of this view, it is clear that I 
do not hope to see less diversification in university activity but 
only more unity. We should represent here every type of thought. 
We must assemble, organize, interpret and construct in every 
region over which knowledge may extend. We must have differ- 
ing types of mind and multifarious points of view. With meticu- 
lous refinement of technique some will seek out the minutest details 
of obtainable information and set them in order with relation to the 
ocean of available facts. Some will work upon the nature of mat- 
ter and others on the theory of the state. But with all this differ- 
entiation, the principles of unity, or law, and the interrelation and 
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interdependence of all knowledge should everywhere be recognized 
and made the basis of advance in thought. The delight in con- 
struction and the joy in expectation of progress should be lessons 
of experience which no one could fail to understand. Culture and 
scholarship should help science and research to better orientation. 
The explorer and builder should be imbued with that culture which 
gives the clearest vision of the road for human progress. 

We must not forget that for each individual the end and aim of 
university effort is the securing of that knowledge which fits him 
into the niche in which he may perform the largest service; and that 
the university is not an apprentice shop, but is a source of ideals 
and a type of environment peculiarly fitted for growth of construc- 
tive minds. Let us be clear that whatever the university gives 
represents wasted time, effort and material, unless it is received 
in a spirit of reverence and with the idea that the greatest satis- 
faction lies in service as a builder who does not work for personal 
ends. It is said that geniuses are born, not made; but those who 
come into the world to live non-contributive, purely individual 
lives, leaving the world no better than they find it, we may truth- 
fully say are only made, not born. Contribution to meet real hu- 
man needs gives perhaps the only way by which we obtain full right 
of recognition as individuals in the strictly human sense. We may 
not know why living things must grow if they would live, or why 
history has given a choice between progress and oblivion, but the 
thinking world has always recognized the validity of this view. 

We remember that the Great Teacher explained to Nicodemus 
the Pharisee: ““Marvel not that I said unto thee, Ye must be born 
again.” With all the spiritual meaning that this saying carries 
“may it not suggest to us also that constructive service gives, with 
a sense of reality, a new and true life, a verifiable personality in the 
kingdom of creative beings. What greater work can a university 
perform than through its vision, its constructive power and its 
culture to open the way to that kind of service which brings the 
joy of progress and the continuing rewards of real accomplishment. 
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ills already fastened upon individuals. With advancing under- 

standing of value in social machinery there came naturally a 
development of interest on the part of the community in organizing 
itself to guard against disease or ill health, and in some measure in 
protecting itself against the individual. As in practically every 
form of scientifically planned activity for human benefit, medicine 
rapidly passed beyond the stage of mere palliation, correction or 
warding off evils, and became a positive or constructive agency 
building along new lines where once it sought only to repair or to 
protect. 

Methods and rate of advance in evolution of medicine have varied 
greatly. The development of a desire to carry proficiency to per- 
fection has produced an art. A permanent cast of open-mindedness | 
has produced research. 

Achievements of the science and art of medicine which have made 
possible modern wonders of antiseptic surgery and of immunization 
are now followed by efforts aimed toward complete elimination of 
diseases, as in the epoch-making activity of the Rockefeller Founda- 
tion in eradication of yellow fever. 

In addition to correction, cure and prevention of disease, much 
constructive work has been done in bringing our physical condition, 
at various stages in development of the individual, to a level of 
effectiveness not known in earlier generations. Research on the 
eye, coupled with utilization of lenses, gives continuing effective 
sight. Increase in number of deaths from troubles of the heart and 
of the circulatory system in general, which seem to come with higher 
average age, stimulated study of these organs in their relation to 
physiology of the whole body, with results which may give us new 
lease of life. 

Although its effort must always be directed largely to curative 
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and preventive functions, medicine is now in the distinctly con- 
structive stage. 

Discussion of questions touching evolution of society implies 
justification for the assumption that society will continue to exhibit 
changes of the nature which we call evolution or advance. The 
human problem is one of many aspects, and I am presuming to 
examine it, to some extent, from the point of view of one reviewing 
history in its longer reaches. 

We may admit the almost incomprehensibly difficult nature of any 
study that concerns itself with the future. I am fully aware of the 
danger of such ventures and that the statement concerning the 
prophet being ‘“‘not without honor, save in his own country” should, 
to wise men, act asadeterrent. At the same time it is clear that for 
guidance in many of our greatest practical problems there are no 
aspects of thought more clearly needing cultivation and organiza- 
tion at this time than just those key questions relating to the trend 
of human development. 

To-day as never before the scientific world seems distinctly in- 
terested in the future of society. Exceptional stimulation of 
patriotism during the great war gave us a high expression of solidar- 
ity and effective human organization. The post-war period in 
scientific philosophy carried us to the other extreme, and was one in 
which literature was filled with reflections of certain aspects of social 
organization indicating incipient decline or degeneration. A decade 
of sustained peace has permitted products of constructive thought 
to accumulate. To-day, with organization of humanity reaching a 
stage of complexity not heretofore known, it is natural that close 
attention be given to examination of social movement or evolution 
and to search for evidence as to the direction in which it may be 
expected to extend. 

The present status of thought concerning broader aspects of 
human relations is also in part due to a distinct tendency toward 
emphasis on fundamental philosophic concepts and toward viewing 
each subject in the light of its most comprehensive expression. ‘The 
intensive effort expended by the specialist is seen to be of importance 
both because of the individual facts it furnishes for building and 
because the particular line of effort which it extends gives another 
kind of view of the whole structure of knowledge. 

The expert in study of spectral lines in astronomy attains a skill 
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of interpretation that enables him to pass instant judgment on 
questions concerning temperatures or movement or other conditions 
existing in vastly distant solar or stellar sources of the spectra. 
The expert on variation in mice or jimson weeds may fail to under- 
stand the distinctions separating types of spectral lines; just as the 
differences among mice or Jimson weeds, about which he talks with 
such assurance, may be absolutely non-existent so far as the imme- 
diate powers of perception of the physicist or astronomer are 
concerned. 

The significance of the situation in science of today is expressed 
in the fact that the astronomer is using the spectral line to give 
essential data relating to conditions indicating distance or states of 
motion, and other factors which concern the nature and structure 
of the universe. And the jimson weed expert is not so much con- 
cerned with the species or varieties of the genus Datura as he is with 
the principles which tell us something of the operation of reproduc- 
tion, variation and evolution. 

Our tendency to broader generalization and more distinctly 
philosophic consideration of fundamental law is itself in some meas- 
ure due to a tremendous widening and deepening of the realms of 
space and time and movement in which our thought ranges. This 
expansion has tended more and more to bring about contact or 
overlap or connection between aspects of nature which once seemed 
unrelated. 

In space relations, astronomy now carries its limits out so far that 
our solar system becomes only a speck in a vast galaxy of stars with 
dimensions measured in hundreds of thousands of units each repre- 
senting trillions of miles. Our milky way or galaxy, with these 
dimensions, is seen as only a speck in a universe of galaxies of which 
the farthest fade out gradually to a region where they vanish, not 
because space ends or the world of universes terminates, but be- 
cause the one telescope by which we see these remote specks has 
reached the limit of its power of definition. 

In time relations, geology shows us the actual sweep of ages in 
records that hold the epochs of the past before us in order of their 
being. Here we see time stretched backward from our day through 
periods measured in hundreds of millions to billions of years—and 
yet the reality and meaning of that time, and of what happened in 
it, is like the present. Paleontology presents the moving current of 
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life streaming through geological eons, with its marvelous history of 
development leading through lower forms up to man and on by 
stages of human progress to attainments of present culture. 

As our world of scientific thought broadens and shows more and 
more clearly the connection between remoteness in space and time 
and our place in the living present, it is not possible to avoid the 
formulation of laws which cover also what we call the future. 

With knowledge of the universe spreading at prodigious rate to 
cover time and space, with an acquaintance of the history of life 
on its march through the ages, with rapidly growing knowledge of 
the steps by which man has come up through gradually rising stages 
of physical development and culture, it is natural to inquire whether 
we are not now in position to make assumptions regarding the future 
of man and of the social organization which he forms. Can we not 
make such assumptions with expectation that the attempt to look 
ahead will help to guide us in judgment on some of our most com- 
plicated world problems? 

The term evolution of society concerns in reality both what 
touches the individual and the group. In recent years discussion of 
advance, so far as it relates to humankind, has shifted largely from 
consideration of the individual to investigation of evolution in the 
group and its products collectively. 

Organic, or so-called physical continuity, is represented through 
the succession of individuals. Continuity in the body of knowledge 
and accumulated experience is represented in society. Man has 
advanced rapidly in building his own environment. In a sense he 
has created for himself a new world through accretion of contribu- 
tions brought by the succession of individuals and of generations, 
the whole structure being held together by continuing community 
of interest. 

In the purely social sense we are concerned with evolution or 
advance of methods of organization and with broad subjects, as 
physics, chemistry, architecture, medicine. Individuals born into 
this world inherit directly that which is passed on to them in their 
physical being and in the physical basis of their mental capacity. 
In the social sense they receive the accumulated benefits of knowl- 
edge obtained, organized and protected by preceding generations. 

The elements upon which evolution of society depends may be 
discussed on the basis of many kinds of classification. We recog- 
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nize advance of this group as dependent upon the common body of 
knowledge and experience and also upon the capacity of individuals 
to use these assets. Setting aside for the moment the position of 
the individual, we may say that advance of the group, or growth of 
the social heritage, is dependent upon: 

(1) The securing of new knowledge by discovery, invention and 
research. 

(2) Unification of knowledge or understanding of the interrela- 
tion of its parts; the result being an arrangement in which every 
item should be seen in its proper perspective or relation to every 
other item. 

(3) Development of adequate means for establishing continuity 
in knowledge in what we call education of a given generation or in 
transmission from generation to generation. Failure to have knowl- 
edge consolidated in the community by making it common property, 
or failure to carry the lessons of one period to the next, would mean 
breaking down of civilization, destruction of the advantages of the 
social organism, or in a large measure destruction of the new world 
created by manor society. It is important to recognize that educa- 
tion does not mean merely the handing on of information. It 
concerns true understanding or appreciation of the materials trans- 
mitted. 

(4) Advance, development or the evolution of society is dependent 
upon physical and mental effectiveness of the individuals of which 
it is composed and upon the time available for their work. 

(5) Advance of society is dependent upon continuing betterment 
of its economic and political organization. No matter how far we 
proceed in other respects, if the machinery of economic life or the 
methods of political organization fail to give coincidently adequate 
expression of individual freedom with the fruits of social cooperation, 
advance or evolution will be retarded. 

(6) The furtherance of social development depends in a very 
fundamental way upon the possibility not merely of making the 
individual effective physically and mentally and socially, but upon 
the opportunity also to strengthen the type or enlarge the actual 
basic capacity of individuals. 

The critical question toward which this paper is directed concerns 
the function of medicine, interpreted in the widest sense, in promot- 
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ing movement or advance or betterment of the social organization 
which man has created. The individual in relation to the course of 
his life reminds one of the rider of a bicycle. He seems safe only if 
moving and satisfied only when advancing. Life itself is often 
defined as a form of motion. So society also demands the joy of 
change. If Wells’s “Outline of History” did not convince the 
public on this point, the “close-up of history” in Mark Sullivan’s 
study of “Our Own Times” will not leave possibility of doubt. 

The world is hungry and thirsty for variety and also for verifiable 
evidences of progress. It is important to satisfy this demand with- 
out periodic resort to revolutionary methods like those of war as 
means of insistence upon particular modes of thought or action or as 
an outlet for feelings or as an exalted form of sport. Society has 
seemed almost regularly to turn from its treadmill round of daily 
duties into the fierce pleasures of making the world safe for this or 
that kind of economic, political or religious system. It is essential 
that we learn the joy of growing or evolving through appreciation 
and construction, instead of through mere accumulation or by the 
relatively easy method of destroying something. 

It is my purpose to inquire whether medicine, instead of being 
purely palliative, curative and protective, does not make one of its 
most important contributions in facilitating and supporting the 
growth process so clearly essential to society. 

As has been indicated, the advance of society is dependent upon 
two quite different types of evolution: one, the basic element com- 
prised in physical and mental development of the individual; the 
other, the strictly social element compassed in the accumulation, 
organization, effective utilization and constructive development of 
community knowledge. Both features are essential. 

One element peculiar to this problem, and to which special atten- 
tion must be given, relates to the fact that human intelligence recog- 
nizes its own place in the world and insists upon expression of 
individuality in its possessor. The famous words, “I think, there- 
fore I am,” might well have been written, “I think, therefore I am 
independent.” We must, of course, not forget that man sees also 
the importance of society to him. The individual will always assert 
his right to attention. In any scheme of social organization he is 
not only the basic element, but he demands the right to live and to 
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grow as far as his intelligence and desires permit. Society has 
added the condition that this be granted so far as it is compatible 
with similar privilege for others. . 

I have already mentioned six items from the long list of elements 
upon which the evolution of society depends, if it is to proceed on a 
basis which will guarantee continuing improvement. ‘These points 
were made without reference to definition of means by which the 
needs can be met. For our present purposes we wish to know the 
relation of the contribution from medicine toward meeting require- 
ments of these points. 

The jirst need concerned securing new knowledge by discovery 
and research through which society would better its situation. 
These advances must be in all possible fields, and medicine could 
expect at most to have only a modest part. The contribution 
actually made by medicine is significant, both as to actual addition 
of new materials and through the indirect effect upon advance of 
research in many other subjects. 

Out of present-day organization of civilization comes the fact 
that the applying sciences, as in industry and medicine, have be- 
come themselves outstanding research instruments, adding much to 
fundamental principles of knowledge upon which they have been 
dependent. Such an institution as the Rockefeller Institute for 
Medical Research, carrying investigation into the foundations of 
biological and physical sciences, makes large addition to our basic 
knowledge. 

Indirectly medicine and medical research stimulate enormous 
production of new information in closely related subjects, ranging 
from physics, chemistry and biology to economics and _ political 
administration. 

Toward the second requirement, namely, the unification of knowl- 
edge, it is again true that the application of fundamental knowledge 
for specific purposes, as in medicine, leads always to the bringing 
together of data from many sources. ‘The influence of organiza- 
tion of knowledge for the purposes of medicine makes necessary a 
redefinition of relationships among many other subjects which would 
not develop easily in other ways. 

Upon the ¢hird point, or the need for establishing continuity of 
knowledge in education, it is certain that medicine, recognizing the 
need for knowledge of this subject by the whole people, will exert a 
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great power to extend education so as to carry its meaning not alone 
through teaching of the young, but by continuing the interest and 
education of mature persons as well. 

In development of the science of war a stage has been reached 
where operations on a national scale necessarily extend beyond the 
limits of purely military organization, and involve the interests of 
the whole people. Similarly in medicine, the larger program of the 
future can be carried out only by extending the meaning and func- 
tion of medical science into the understanding and life of every 
individual, so that the operation becomes in large part that of 
society. 

Many nations and civilizations that have failed might have re- 
mained had their general educational system been perfected. The 
time is not distant when we shall have the people as a whole in- 
formed regarding basic facts and sources of knowledge covering 
human health and its advantages. 

Concerning the fourth requirement, namely, necessary betterment 
of physical and mental effectiveness of all individuals, this we may 
consider the special function of medicine above that of any other 
organized agency or institution in society. 

The contribution of medicine toward this end results in enormous 
increase in effectiveness of the individual, and therefore an enlarge- 
ment of the total work, both routine and constructive, accomplished 
by society. This means also saving of lives, increasing the number 
of hours’ work in a given year regardless of age. It means advance 
of mental as well as physical effectiveness for all tasks upon which 
individuals are engaged. The net result is to make production 
greater, to increase the range or scope of living of the individual, to 
widen his knowledge and better his judgment. It gives a larger 
measure of what some have recently called “leisure.” I would 
describe it as “opportunity to live,” in the sense of opening the way 
for appreciation of life as we live it, and for growth within the 
individual life period. It is not merely with advance that individ- 
uals and society are concerned. It is the desire to obtain some 
advantage or joy of living from advance while it is in progress. 

Lengthening life of the individual means not merely more years 
in which to work; it means greatly increased use of cumulative 
individual experience. The number of persons over fifty years of 

age to-day, but still working hard with sound bodies, clear minds 
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and enthusiasm of youth is greatly beyond that of earlier decades. 
Organized knowledge possessed by the individual is still more 
effectively handled than organized knowledge controlled by society. 
Up to the present time the mental mechanism of the individual has 
been more efficient and works more smoothly than the interplay of 
parts in society. 

As medicine goes forward in development of its constructive 
policies it will not merely hold back what we consider preventable 
disease or ill health; it will go far in elimination of much that has 
been recognized as a part of the normal heritage of ills fastened on 
humanity. The individual of the future will have relatively large 
freedom from ills that limit other organisms. The new world which 
man creates will not only have the advantages of accumulated 
knowledge—it will have a clearer field for living and for use of 
knowledge than has yet been known to living beings. 

I have no illusions regarding seriousness of dangers brought about 
by possibility of degeneration of the race through breeding from 
weakening stock, owing its existence to protection of society. Nor 
have I doubt concerning the dangers arising from crowding the 
world with people who have left to them little opportunity for 
individuality and less for development. 

It is clear that certain aspects of natural selection tend to counter- 
act some of the dangers just mentioned and that without a process 
of rigorous selection we must plan to meet these risks in some other 
way. I believe that we shall be wise enough to overcome these 
obstacles and to rid ourselves of the risk of breeding from weak stock. 
We shall some time come to recognize that deliberately bringing into 
life people already doomed to a heritage of suffering and of social 
disadvantage may be a crime comparable to that of taking life 
away from those already favorably situated. 

The ji/th point, relating to the necessity for contribution toward 
betterment of economic and political organization, is met by medi- 
cine in alarger measure than might be expected. Improved physical 
and mental health make for higher thought and life, thus laying 
foundations for bettered organization. Like the delicate adjust- 
ment of modern machinery, possibilities of social organization are 
limited by delicate but real distinctions, such as can be appreciated 
only through clear minds made possible by sound bodies. Many 
kinds of finely adjusted social mechanism, which might be operated 
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by a people relatively free from physical and mental disturbances, 
would be impossible under conditions where widespread ill health 
and disease gave a different mental cast to society. 

It remains also to be seen how great the influence of medicine may 
be in direct effect upon economic and political organization as guided 
by desire for health and fear of disease. 

The sixth point, relating to dependence of social evolution upon 
the continuing physical and mental development of the individual, 
in the sense of his fundamental capacity and power, represents 
perhaps the most critical item of those upon which the future of 
society depends. It concerns the possibility of extending such a 
type of physical evolution as has characterized the organic world 
through the vast ages over which our known history of biological 
progress reaches, and has continued itself clearly in the history of 
mankind. 

The problem of human betterment and advance through increas- 
ing the physical capacity and power of the individual represents one 
of the most important opportunities for biological science. The 
more narrowly limited aspects of this study have been included in 
the field of eugenics, which rests upon genetics in cooperation with 
every branch of science which concerns heredity and environment 
of the individual. 

To open the way for a rate of advance in physical being for man- 
kind at least comparable to that which has characterized man in his 
past history, eugenics must have a program which will include: (1) 
a full knowledge of the laws which govern heredity, (2) an under- 
standing of any extra-individual or environmental forces which may 
affect the individual, (3) an understanding of the history or evolution 
or development of man and of other related organisms, with an 
interpretation of the processes which are illustrated by this course 
of development, and (4) an understanding of the ways by which 
society through its organized effort can properly influence or direct 
physical development of the individual in such a manner as to 
strengthen the type. 

The study of these problems of biology applied to man represents 
one of the most interesting groups of investigations needed in the 
immediate future. It is to be assumed that through knowledge of 
individual and race history in other types of life we will come to 
understand in most respects the biological factors involved in human 


2406 PUBLISHED PAPERS AND ADDRESSES 


development. The fundamental principles of genetics will be found 
inextricably interwoven with basic laws of physics and chemistry. 
There will be many questions concerning the extent to which cer- 
tain of the outstanding features in genetics of other organisms 
actually apply to the case of man. We shall need demonstrations 
sufficiently clear to bring conviction. 

In the problem of development of the individual in the human 
group we shall meet complications not known in study of other 
organisms. They will arise on the one hand out of the extreme 
development of our individuality, and on the other hand out of im- 
perfectly understood influences of the community upon the indi- 
vidual. 

There is every reason to believe that with the tremendous advance 
that natural science has made in understanding of the biological 
world, and that social science has made in interpretation of our 
outstanding peculiarities, we shall ultimately come to a place at 
which man will be able to take advantage for himself both of the 
laws of nature which have brought his development to the present 
stage and of the vast social heritage of knowledge which may be 
used for his future guidance. It seems impossible to believe that 
the introduction of intelligence into the scheme of evolution could, 
as some have believed, result in disasters such as are assumed to be 
inherent in civilization. 

I believe Bryant had something of a vision when he wrote, ““He 
who has tamed the elements, shall not live the slave of his own pas- 
sions.” Intelligence should make possible for a man a degree of 
progress at least comparable to that by which he has come to the 
present stage. 

As, then, we review the elements which seem required if society 
is to proceed in its advance, it is clear that medicine in the broader 
sense has important relation to all the factors discussed. In certain 
fields its contribution is the largest made by any combination of art 
and science. It is the greatest factor concerned with increasing 
physical and mental efficiency, saving life, lengthening life and thus 
increasing productiveness and lifting the quality of judgment. Its 
direct influence in betterment of the physical stock of mankind and 
preparing the way for evolution is so clearly essential that without 
it evolution could hardly proceed. 

It is not to be assumed that medicine unaided can prepare the 
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way for continuing growth or evolution of the human group. In 
such a work the activity described as medicine will represent con- 
centrated effort of many correlated fields. Chemistry, physics, 
biology and the anthropological and social sciences would all partici- 
pate. It may be that the medicine of to-morrow will be so different 
from what is practiced to-day that in the language of the present it 
would be more readily described under designation of the sciences 
from which it will be composed. 

The principles which will make possible the physical basis of 
future mental evolution of the individual and the foundations of a 
broader and stronger social organization will grow from application 
of fundamental laws or modes of procedure which biology and other 
sciences still find elusive and almost incomprehensible. Even the 
farthest advances of present research fall far short of what we need 
to know concerning how man may best proceed along the path of 
evolution. And yet it is part of my thesis that without the work of 
medicine in preparation of the way by bettered physical condition, 
improved health, increased mental efficiency, lengthening of life and 
pushing back of the invading hosts of disease; without embedding 
of scientific and medical knowledge in the minds of the people by 
education; without development of a more favorable physical, 
biological and intellectual environment in response to requirements 
of the new medicine;—without these contributions of medicine, it 
could be only through almost miraculous modification of laws guid- 
ing nature and man in the past that an intelligent society could 
expect to advance to greater heights. Medicine will sweep away 
many of the handicaps that have limited human life in the past and 
will also help to make more clear the laws that govern our growth. 

Medicine of the future will continue refinement of its art and will 
develop skill comparable to that in the highest coordinated work of 
human hands, as in their translation of music through playing upon 
the instrument. Linked with the whole range of organized investi- 
gational effort, it will help to extend research to realms as remote, 
compared with our vision to-day, as the electron was to the scientific 
world of our great-grandfathers. It will bring to every worker in 
the field, at the same time, a better appreciation of the importance 
of the art of medicine and a recognition of the need for understand- 
ing as to the real limits of our knowledge. 

In my boyhood I read with surpassing interest the tales of knights 
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who devoted themselves to the not altogether unattractive business 
of slaying dragons and other undesirable monsters. When I came 
to the age at which I might enter upon adventure, the dragons had 
vanished. But I spent some interesting years in helping to bring 
life into the bones of many ancient monsters buried beneath rocks 
and mountains that had themselves almost succumbed to ravages of 
time. The actual dangers of our expeditions from rattlesnakes and 
bears and ticks carrying Rocky Mountain fever, and coyotes with 
hydrophobia, were probably equal to those of dragon hunting in 
olden times, and I enjoyed the sport. The result of our work was, 
I trust, a small but real contribution to knowledge of movement of 
life through the ages—and of the meaning of the continuing process 
of creation. 

And now that I have seen these visions—one, through distorted 
legends handed down from remote centuries, the other, a verifiable 
story of creation and its meaning—my interest shifts to that grow- 
ing edge, where life passing through the ages determines in a meas- 
ure the trend of its own future. My concern is now with utilization 
of what we have to-day, trusting that, in the light of what we know 
from the past, it may be turned to advantage for future guidance. 

I see in medicine a field of human endeavor, not only essential for 
well-being and enjoyment of the moment, but carrying unavoidable 
responsibility for that advance of mankind upon which its happiness 
will depend. Constructive effort in this subject will serve not only 
to turn the tide against the deadening influence of disease and ill 
health, but to exert also in some measure a creative influence. We 
see the forward movement of life in the remotest beginning of begin- 
nings as we know them. To living, hoping human beings this 
movement can not seem naturally to terminate in any conceivable 
end of endings. 


CARNEGIE INSTITUTION 
oF WASHINGTON 


SSE ea a ee 


EVOLUTION OF SOCIETY AS INFLUENCED BY THE 
ENGINEER 


The influences of the engineer on society in general are outlined in the following 
address, which Doctor Merriam presented before a recent meeting of the A.I.E.E. 
In addition to pointing out the debt of society to the engineer, Doctor Merriam 
indicates methods whereby the engineer might be of still greater use in the devel- 
opment of a well-informed and intelligent society. [Eprror’s nore.] 


T Must be with humility that one concerned with general science 
undertakes to address a group of acknowledged experts in a 
field of technical study and operation. Therefore, avoiding 

the technical phases of the problem, this statement concerns itself 
with the relation of engineering on the one hand to science, and on 
the other to human problems illustrated in organization and evolu- 
tion of society. 

It is the purpose of this address to refer specifically to the manner 
in which engineering opens the road to that kind of a social organiza- 
tion of which we dream, and in which we pride ourselves, whether or 
not we are correct, on the assumption that our present form of social- 
governmental organization is a success. 

What is said here is predicated upon the idea that there is possible 
a development of the individual to higher and higher levels of 
effectiveness and enjoyment or usefulness, in whatever way you 
may wish to define this situation. These statements also are 
predicated upon the assumption that society in the broad sense is 
on a road of development leading to more effective means of organ- 
ization that in time will produce a better environment in which to 
enjoy and to accomplish. 

As to the relation of science to engineering, the statement can be 
made that science, which may lay large claim to use of the words 
creative and constructive, is in general not a creative activity. 
The scientist is commonly discoverer and philosopher. He may 


Essentially full text of address presented at the conclusion of the Edison Medal presenta- 
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develop, he may reorganize, but in the main he is a discoverer of 
things which already exist. 

On the other hand, the engineer, who is thought of as turning 
things over and using the results from the work of science, may 
become a creator and produce that which has not previously existed. 

Science 1s indebted to engineering in that while science may give 
to the engineering group much that is used for development, the 
furtherance of science itself is dependent upon what is often referred 
to as the financial status. One of Huxley’s significant remarks 
was that ultimately everything resolves itself into terms of finance. 
The scientist does not commonly finance his own investigations. 

In looking over the story of mankind one may incline to the view 
that science, in the natural history sense, was the first form of 
organized knowledge. There was a classification of snakes that 
should not be allowed to bite, and of plants that should not be eaten 
and of those that are good for food. Early in the Paleolithic Period 
there probably was an organization of knowledge not so very differ- 
ent from that existing today for these materials. 

Then came a time in which the problem shifted from keeping out of 
the range of saber-tooth tigers and snakes, and men occupied them- 
selves more largely with questions concerning how people could get 
along together. Social organization with government then became 
the greatest question. Government was perhaps the most im- 
portant task. It is not yet a complete success, and yet it may be 
the largest single accomplishment of mankind up to the present day. 
It is a difficult work but, as badly off as we may be, it is a long way 
that we have come. 

This organization of mankind in government has made possible 
development of your great engineering programs. Without it 
engineering could have gone only a short distance. Engineering 
in turn has placed its resources at the disposal of many kinds of 
activities, among them the interests of the scientist. Science is now 
attempting to return to engineering what it receives from this sup- 
port, made possible in turn by social organization or government in 
the broader sense. 

It is not intended to suggest that science is unimportant. Science 
is not only significant, but alluring. Adventuring in the field of 
research is, at the moment, the greatest opportunity that the unt- 
verse offers. Any one who wishes to penetrate the veils covering 
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the spiral nebulae, or desires to see inside of the sun or the other 
side of the moon or the various aspects of theories concerning the 
expanding universe, has an interesting task. 

From one point of view the engineer turns the blocks that the 
investigator discovers into things that are useful in life, in maintain- 
ing life, or extending its enjoyment. From the point of view of a 
scientist the engineers may come nearer than any other group to 
being what was just referred to as a creator, in that they can produce 
things which the universe has never known, and continue to form 
useful combinations and recombinations. 

Not everything done through engineering has its immediate 
human value in uplift. With all the tremendous contribution made 
by the radio, the music is not sweeter or better, nor is the enjoyment 
of music greater than it was before that wonderful invention came 
into use. Many are being trained to music, but 1s the training 
comparable to that received when we tried to construct music or 
to use it for ourselves? 

Also, when we drive through the country in high speed automo- 
biles it is not certain whether we see more, or less, than in the days 
when we walked. But this statement must not be left with the 
suggestion that these contributions do not add greatly to enjoyment 
of living, and to the profit and to the advancement of the individual 
and of society. 

As to society itself and its needs, no attempt is made here to discuss 
the great social questions at the present moment. It is worth 
noting, however, that society has passed through many evolutionary 
stages, and that at the present moment it is probably faced with 
greater and more difficult problems than at any previous stages in 
world history. This is due partly to the fact that the world’s 
interests have been tied together by means that developed out of the 
operations of the engineer. If the world were to go to crash because 
this situation has developed, would the engineer be in any sense 
responsible for the difficulties? If, on the other hand, out of these 
complications there should arise a situation better than any we have 
faced in the past, would the engineer be said to have assisted in 
lifting us to a higher level of development in social organization? 

It is not planned to catalogue specifically the difficulties in these 
great social questions. There is, however, reason for stating that 
present situations are in large measure due to 3 negative principles, 
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which are: ignorance, bad judgment, and selfishness. The more 
discussion there is on world problems the clearer it is that the ele- 
ment which is lacking first of all is knowledge of the facts. Judg- 
ment is merely the laying out of facts to determine the direction in 
which they point. The greater the number of facts, the more 
difficult it is for the average person to form a judgment as to what 
the situation really means. 

When you add the element of self-interest, it becomes extremely 
difficult with lack of facts, and inadequacy of judgment, to develop 
a situation in which the great problems of our own country or of the 
world can be solved. One may refer either to economic questions 
or to those that concern government. 

And now, returning to science, apparently one of the things which 
the world needs most at the present time is an attitude toward these 
situations representing a combination of the point of view of the 
scientist who needs facts, and the engineer who indicates that these 
facts must have an orderly arrangement with reference to each 
question considered. Ifevery citizen of this country could approach 
each of the great questions which we face at the ballot box or else- 
where, with an attitude of mind requiring facts and their orderly 
arrangement, it would aid greatly in solving our major problems for 
the immediate future. 

As to the question of adjustments in society: at the moment the 
world apparently has reached a stage in which out of the various 
needs in life those which have to do with what we sometimes call 
maintenance, that is, the securing of food and shelter and clothing 
and such requirements, can be met without use of all the labor in the 
world. We have produced means of communication, by train, auto, 
telegraph, telephone, which make it possible for us to keep in touch 
over the world. But, with all these means of finding where work is 
and how to reach it, there are millions upon millions of people who 
have nothing to do. 

The central point to be made is this: We have, whether correctly 
or not, set up a program of organized society with the assumption 
that the people will have something to say about their government. 
No one knows what the result will be. It may be that a people 
governed by a dictator or a monarch, or by a manager, are in a more 
satisfactory situation than the one we now occupy. But it 1s prob- 
able that through future generations the people will wish to have 


EVOLUTION OF SOCIETY AS INFLUENCED BY ENGINEER 2413 


something to say about handling the organization which controls 
them. There can be no doubt that for conduct of such a govern- 
ment we shall require a high level of education, understanding of 
great national questions, and extraordinarily clear human judgment. 
Is it possible that shortening of hours of labor is the thing which 
will open the way for development of an educational program by 
which the average citizen can form fully adequate judgments re- 
garding the person to be elected as ruler, or concerning questions 
upon which we wish to express opinion? 

Can it be that the situation we meet in the world today is in a 
manner what is needed to make possible the kind of a government 
we would like to have? It is doubtful whether democracy can 
succeed fully without a level of understanding of such problems 
higher than has yet been attained in any country trying out this 
system. If so, we must proceed to that kind of an adjustment in 
which the opportunity offered may be used in some part to make 
self-government possible. 

Perhaps we are coming to the point where we can make the 
adjustment. Those who are now out of employment may not be 
the ones to take over the new tasks for education or for improve- 
ment. But possibly they can be cared for in the reorganization. 

We must continue intensive study of how there can be concen- 
trated in life of the youth the things essential for his beginning edu- 
cation. The young person might spend less time upon this concen- 
trated effort to amass a heap of information before taking up the life 
he is to lead. Instead of considering his graduation the terminus 
of education it should be near the beginning. In continuing educa- 
tion of the adult we do not care especially to assimilate masses of 
facts, but wish to know clear realities in their normal setting. Such 
a development may be expected in the education of the individual 
that he will grow in every week of life. 

This is then a problem for the scientist, for the educator, for the 
student of social sciences, and it is especially a problem for the 
student of government. With all the scientist does to prepare the 
way for the great things of the engineer he is not in a position to 
realize in everyday life the whole result of his work. The engineer 
has a unique opportunity, not just to control, but to build and to 
guide in the direction under discussion. 

Unity of knowledge, diversification, and specialization are im- 
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portant factors. There must be students of atomic physics, there 
must be paleontologists, and there must be students of astronomy, 
but they all represent parts of one great field of knowledge. There 
must be those who write poetry, and those who preach, and those 
who teach us the rudiments of art, in order that we attain the most 
from life as we live it. 

We have specialized so far in science that we forget sometimes 
the relation between work of the biologist studying chromosomes, 
and that of the physicist working with structure of the atom. We 
are now beginning to find that great advances in science may come 
through keeping these types of endeavor so related that the thing 
needed may be found when required. 

The engineer can aid greatly by keeping watch over the scientist, 
perhaps to see that he keeps on with his task, perhaps to make sure 
that he receives help when needed. The engineer has a great re- 
sponsibility in the study of the social problem as related to govern- 
ment. Perhaps he has also a responsibility as a preacher of good 
doctrine. Whatever has to do with clear thinking and good ideals, 
may not be separated from life as lived. Possibly we need good 
preachers among the engineers and good engineers and scientists 
among the preachers. 

A responsibility rests upon the scientist to have some under- 
standing of what the influence of his contribution is upon civiliza- 
tion, upon society. A similar moral responsibility rests upon the 
engineer to see in what direction his developments are leading us, 
and the way to formulate such social organization as will make the 
world we are now building safe for the people in it. 

Although we are not headed for destruction, it would be very 
surprising if progress developed at an absolutely even rate. Some- 
times a deviation from what appears the normal path is the element 
needed to make us inquire what the direction really 1s. 

In conclusion, the contribution of the engineer may be said to be 
something which paves the way for a social condition or situation 
opening larger opportunity for the kind of a life we really wish to 
live. 

Perhaps we have tended too much to consider alone the things 
called comforts, whereas we know perfectly well that it is the 
pleasures of the mind that are greatest and highest and most im- 
portant to us. This is true whatever our station in life, or the 
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profession in which we engage. It has not been intended here to 
turn attention wholly toward pleasures of the mind, or intellect, 
or toward art or religion. However, it must be emphasized that 
these should not be subordinated in any social scheme which we 
may build. 

The influence of the engineer has been all for the good in its 
guidance toward straight and orderly thinking, and toward artistic 
expression. When a program is planned according to an engineering 
scheme, the parts all fit, and something in it 1s the central element. 
That is approximately the basis of art, which is, in general, the 
statement of things in a manner that will attain perfect clearness as 
to the special point concerned, and also the relation of that element 
to all others in the picture. 

This does not mean that forthwith all engineers should become 
artists, or students of social science or of government. Evolution 
of society is important, and with all that the engineer does to make 
life comfortable, it may sometime be said that the outstanding 
contribution of engineers has been in the direction of making pos- 
sible the social organization that we are striving to realize. 


INSTITUTES FOR RESEARCH IN THE NATURAL 
SCIENCES 


HE problem of this paper relates primarily to a method of 

organization in research. The purpose and function of 

investigation are unavoidably involved. When presented 
before an organization engaged in study of education, it is assumed 
that the ultimate object of the discussion concerns relation between 
research institutes and educational agencies. 

The development of special modes of organization such as insti- 
tutes for conduct of investigation in limited fields has come into 
increasing importance in all phases of scientific work. It is not 
restricted to any one region in use of knowledge, but has expressed 
itself widely in universities, to a considerable extent through the 
departments or bureaus of the government, in some measure 
through special activities set up by industry, and by establishment 
of independent units co-operating with other interests. 

It is doubtful whether anyone has warrant for defining an “‘in- 
stitute’ as contrasted with an “‘institution.”’ Use of these terms 
indicates that the institute has generally narrower scope. An in- 
stitution, such as the Smithsonian Institution, may include a wide 
range of activities. The institute is commonly organized for 
specific attainment in a limited field. It may look toward intensive 
study upon one phase of a broad subject, or the accumulation of 
data in a region which might be expected to furnish results. In 
some instances, an institute is organized about what might be called 
a method, or an instrument for gathering or sorting data. In many 
cases, as the work proceeds, the institute becomes more intensively 
specialized, or the impetus may diminish through the passing of an 
individual. Sometimes the need for wider contacts results in the 
building up of a small institution. 

The extent to which institutes in the natural sciences differ from 
those in the social sciences, will, I assume, be considered more spe- 
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cifically in Dr. Mitchell’s paper, which is to follow. As I see the 
problem, the mode of approach, or the attitude of mind represented, 
is similar in the two. There is difference in the method of applica- 
tion of results, and probably to some extent in relationships to 
other activities. This may lead to divergent types of organization. 
There should be no doubt concerning the larger difficulties which 
introduction of the human element brings in organization and inter- 
pretation of material in the field of the social sciences. 

“Research,” as here interpreted, represents constructive effort 
expended in the attempt to attain an understanding of human 
experience and of our environment. Whatever it may have been 
considered in the past, research 1s no longer a plaything or a luxury. 
It is a fundamental requirement in the advance of civilization. 
We find it opening new universes in space, and time, and human 
experience—the interior of the earth and the sun, the power of the 
atom, the intricacies of the living cell, the laws of history, and the 
processes of human living. 

We have come to realize that no condition is more difficult or 
more deadly than that which arises from the assumption that com- 
plete information is already available. This is true whether it 
relate to material objects or to political situations. Much of the 
difficulty we encounter today, whether in the study of radium or 
prohibition or the temperature of Betelgeuse or the farm problem, is 
due to ignorance. Or, as a problem for the social sciences, I may 
say that in the case of human questions the trouble may be due to 
selfishness. ‘The cure for these situations lies largely in new knowl- 
edge. 

Consideration of the place of research in the natural sciences with 
reference to further development of civilization indicates that, 
with our natural resources blocked out and in defined ownership, 
future material advance will depend upon a continually intensified 
process of study for development of new means of use, and new 
ideas to be applied. The contribution of research will also be im- 
portant in every aspect of living, ranging from maintenance of life 
to the opening of opportunity for its enjoyment. So important is 
this growth that our need cannot be met with research merely as a 
by-product of other activities. It is essential that it have a place 
of first rank. 

The types of special objectives set up in organization of research 
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institutes spread as widely as the field of knowledge. There are 
those devoted to broadly inclusive subjects, such as biology, or 
botany, or chemistry. Others cover narrower areas, like colloid 
chemistry, or a special phase of biology, as ecological research. 

The number of independent institutes in America designed for 
research in the natural sciences is not large. Types are found 
in the Franklin Institute, conducting research in the physical 
sciences, and Wistar Institute, making important contribution to 
biological science. 

In absence of a classification which would be accepted generally, 
we should probably recognize as institutes certain of the great 
museums in which a considerable part of the interest and effort 
is devoted to research in the natural sciences. This would be true 
of the American Museum of Natural History or of the Field Mu- 
seum of Chicago. They represent an important educational move- 
ment. They also present the results of research in concrete form. 

While research agencies are sometimes established on such a basis 
as to make indefinite commitment to narrowly limited and intensive 
study of highly specialized fields, there are inherent advantages in 
flexibility as to topic, mode of procedure, and even as to geo- 
graphic location. 

Organization of projects for a limited period is often important. 
The concentration made possible by isolation may be advantageous 
for a time, but rarely for periods to be measured in decades. If 
the programs can be re-defined frequently, their strength may be 
increased. We should also realize that the paths along which 
knowledge progresses may not be defined sharply in advance’ 
Each generation will develop its own point of view. 

The research institution which sets itself up solely for a specific 
type of work will, in most cases, tend to increased intensification. 
With the passing of decades and the change of personnel, there 
arise the dangers of narrowing the field and of failure to see the 
broader connections which were probably in mind at the time the 
investigations were initiated. Unless resources are available 
which make possible unlimited development around the special 
field, there comes frequently a tendency to isolation. 

The formal institute should not become a substitute for the 
project set up for a specific purpose, with expectation that when 
its special task is completed it will be succeeded by some other 


INSTITUTES FOR RESEARCH IN NATURAL SCIENCES 2419 


type of activity. We should not be led astray through recognition 
of the importance of concentrated attention on one aspect of a sub- 
ject. Such focusing of attention extended indefinitely may result 
in cutting off the view of other essential aspects of the field. 

Discussion of the relation between research institutes and other 
kinds of activities inevitably involves consideration of fundamental 
relationships among three great phases of intellectual effort, 
namely, production, transmission, and application of knowledge. 
In research we have the effort to increase information and make 
it available for the maintenance and enjoyment of life. Applica- 
tion of knowledge concerns phases of human activity ranging from 
subsistence to the enjoyment of living. Education involves all 
processes by which knowledge is interpreted or is transmitted from 
one generation to another or from one group to another. Depend- 
ing upon the conditions governing any situation, these three phases 
of effort may be widely separated or satianeially related. 

The relation of any one of the three types of effort to the others 
is influenced in some measure by length of life of the particular 
activity concerned. So, in a long-continued educational program, 
as in a university, contact with research is essential unless it is 
assumed that the faculty, after having given what it has to con- 
tribute, is to be replaced by another faculty. Ifa research agency 
is to be long-lived and stand in an independent position, it 1s 
desirable that means be developed by which the results of its work 
can go into use readily and quickly through education and through 
economic application. Otherwise, through lack of appreciation of 
ultimate use or purpose, there may be indefiniteness as to meaning 
of the work. If a great industry lays foundations for continuing 
growth, it becomes essential for it, on the one hand, to derive some 
of the elements of its growth from the development of knowledge 
and, on the other, to utilize the highest type of educational effort 
in order to make known'the value of its operation and its product. 

These several major purposes of intellectual effort can never be 
separated completely. It is important that addition to knowledge, 
transmission of knowledge, and application of knowledge be con- 
sidered in relation to each other without regard to which of these 
types of activity may be the dominating factor at a particular time 
or place. 

By way of illustration of the interrelation of these several activi- 
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ties, we see in business the great advances of fundamental research 
in laboratories of leading industries. The fact that such invest- 
ment is demonstrably practical becomes at once an educational 
influence so tremendous in its effect upon the public that it ranks 
among the great factors in carrying over to the people the real sig- 
nificance of scientific work. 

The place of the research institute with relation to industry is 
fairly clear. It may develop within an industry, and serve as a 
temporary or long-extended aid in development of a special feature, 
of a special principle, or of a group of scientific problems of particu- 
lar importance to industry. One need never question that the 
development under such conditions of practical control will see 
such readjustments as may be required with changing conditions. 

Independent research institutes will stand in close relation to 
industries. They will make their results available for new advances 
and will receive many important contributions of fundamental 
study from industries. 

Although it is not my purpose to present an extended discussion 
of the relation of research to institutions for higher learning, it 1s 
desirable to consider certain aspects of the problem as bearing upon 
specific questions relating to research institutes. 

Some of the reasons which I have given on other occasions as in- 
dicating the need of research in educational institutions would be: 
(1) that training in creative or constructive work is, after all, second 
to nothing as an important element of the teaching program; (2) 
that research in the university furnishes an indispensable means of 
keeping the faculty in a position to present the most fundamental 
and advanced knowledge through its teaching; and (3) that in a 
group of specialists, such as that covering the whole field of knowl- 
edge in a university, the by-products of education through research 
should make an enormously important contribution. 

In discussion of relation of research to education it is also impor- 
tant to note that the world is coming to realization that educa- 
tional work of the future will cover two great fields which are quite 
different in their purposes. One concerns transmission of available 
knowledge to the incoming generation. The other relates to intel- 
lectual and spiritual growth or development or enjoyment by the 
individual after maturity is reached. 

In the past it seems to have been taken for granted that educa- 
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tion ended when the heavy work of life began. Today we accept 
the opportunities for intellectual development of the adult as a 
privilege, and also as a responsibility if the individual is to take his 
part in a government by the people. 

The long process of growth or evolution as we see it through the 
ages has brought into the life of the individual organism in each suc- 
cessive stage a larger volume of experience. Sometimes thischange 
has been accompanied by lengthening of the individual life-period. 
In general there is a tendency to compress more and more events 
or stages into the early life of an individual. There is also change 
in the relative emphasis on structures in early embryonic stages, 
and a tendency to advance development of features of great 1m- 
portance. So in higher animals, the eye and the brain show a rela- 
tively strong accent in their early development. 

While the mollusk or even the fish may shift for itself and make 
its own living at a time when higher animals have yet a long time 
to wait before being born, the fetus of the higher mammals remains 
protected for an extended period. Even after birth it remains 
protected and is the object of special attention. The fawn or the 
young elephant is guarded by its parents for the considerable period 
in which it is developing to a stage at which it can furnish its own 
defense. 

In the human group this period of development and protection 
after birth is extended to one or two decades. To the physical 
development there is added a further growth involving the absorp- 
tion of information and formulation of ideas. 

If any generation fails to do its part in transmission of organized 
and interpreted knowledge, the advance of mankind is halted or 
definitely set back. Interruptions of this nature are not unique. 
The Maya people of Middle America today, as a virile, intelligent 
group, examine the work of their ancestors with interest and pride; 
but, excepting for skill in a few of the fundamentals, they have 
lost the arts which made possible the majestic development of their 
ancient culture. 

The need for a system of transmitting knowledge to the incoming 
generation is not merely to carry the data over, but with this must 
go an interpretation of the essential elements which they represent. 
This task ranks as one of the most important of all human ac- 
tivities. However significant the development of means for sub- 
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sistence, or the protection of property, or the invention of new 
things to become luxuries and then necessities, none of these activi- 
ties should move this type of education from its high position. I 
recall that, on my first ascent of a great pyramid in the jungle of 
Yucatan, the instant thought was that this desolation illustrated 
what happens if education is interrupted. 

The other type of education, touching the privilege of adults for 
growth and for enjoyment of living, we see growing in importance. 
In this service widely differing types of agencies have assisted. The 
press, the theater, the book publisher, the lecture bureau, and a 
large group of activities have contributed toward the enlighten- 
ment, the intellectual stimulus, and the spiritual growth of the 
adult. In the furtherance of this work the schools will have an 
important part. It is doubtful whether they can cover the whole 
field. It is also important to recognize that there are now many 
agencies in which knowledge is treasured for its own sake. 

For the educational institution devoted primarily to training and 
guidance of the youth, there should be expectation of many insti- 
tutes developed within the walls. There will also be many insti- 
tutes standing near the university in much the same relation as that 
of such institutes to industry. 

Consideration of the extent to which institutes for research 
should be integral parts of universities furnishes a problem which 
will probably never attain complete solution. To those who hold 
that the universities are the unquestioned best means for develop- 
ment of hitherto undiscovered data, the institute will be one of the 
means by which the university will participate in such creative 
activity. To others the institute will be a workshop, through use 
of which the professor may support the intellectual life from which 
the stream of his influence flows. To the man whose work is 
always a pleasure, the institute may be a kind of intellectual golf 
course, where he obtains refreshment and strength. 

The dangers of the institute within the university are partly 
those which have to do with the setting aside of education as if it 
might be relatively unimportant in comparison with the production 
of knowledge. 

In some institutions of higher learning the institute will be a 
place to which the student will come for contact with the realities 
of science and perhaps receive his greatest stimulus. Many insti- 
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tutions, it is hoped, will strengthen their teaching by giving the 
student larger opportunity for contact with the reality of original 
materials of the highest type, as also with the influence of men 
having the fire and enthusiasm of true interest. Opening the way 
for the student to visualization of reality will often mean the 
setting up of important constructive work in those fields which 
offer special opportunity. This is naturally done by way of the 
research of the faculty. Such formulated activities may sometimes 
be given the title of institutes. If this type of organization is 
overdone, it will mean crystallization and devitalizing of the uni- 
versity and defeat of the very purpose for which the scheme is 
inaugurated. If the program is flexible, it may mean an excep- 
tional opportunity for development of the faculty and unusual 
possibilities for teaching of the highest type. 

The relation of the university to continuing intellectual growth 
of the adult may in considerable measure be developed through 
influence of its organized researches, as the progress of science is 
one of the features of greatest interest to the public. 

Attention has already been directed to the fact that the place 
of the research institute, especially the significance of its position 
as an independent agency, depends in considerable measure upon the 
view which we take regarding interrelation of three great phases 
of intellectual effort represented by production, transmission, and 
application of knowledge. The opinion has already been expressed 
that each of these phases of effort has a place of primary value, as 
also that the three are so closely related that under all circum- 
stances where one is strongly expressed the others should be recog- 
nized as involved. 

Independent research institutes will always represent one im- 
portant means for conduct of research projects without limitations. 
Especially will this be true where the problem is one of immediate 
urgency. With future increasing demands for production of new 
knowledge in all phases of life, it is to be expected that the need 
for new types of research will increase at a relatively rapid rate. 

An illustration of an agency meeting a special need is found in 
the Daniel Guggenheim Fund for Promotion of Aeronautics. It 
came into existence at a critical time and gave support directly and 
indirectly to many types of constructive work. The special task 
completed, it will now disappear. Its influence will extend through 
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many kinds of temporary and permanent agencies, including uni- 
versities. All that has been said regarding the dangers of elaborate, 
long-time investigations in limited fields applies to the institute of 
this type. Where the problems are broadly conceived, there may 
be indefinite effective development, provided there is such relation 
to other agencies as to give opportunity for utilizing all available 
knowledge for the special tasks which have been set. There can 
be no doubt regarding the desirability of setting up specific goals 
in regions where it is clear that areas of new knowledge are attain- 
able. The approach to such regions by use of special apparatus 
represents an activity of prime importance for the future of man- 
kind. 

Where such independent agencies arise for the sole purpose of 
advancing knowledge, they incur risks of the same order as those 
which have been discussed in the fields of education and industry. 
It is desirable that there be understanding of the significance of 
their contribution both to the narrower and the wider circles of 
those interested. An institution profits by the stimulus which 
comes from understanding the effectiveness or lack of effectiveness 
of its product. 

With all that has been suggested, it is important always to bear 
in mind that there is no specific either for research or for education. 
There is no special plan representing the only way to success. As 
in all research, it is essential that in independent institutions there 
be clear vision of the problem and its relationships and that there 
be then the most intensive concentrated effort to penetrate at the 
particular points selected. Established as an aid to medicine, the 
Rockefeller Institute represents an outstanding example of great 
achievement in research through intensive attack upon critical 
questions carried out with support of means derived from the whole 
of science. 

Constructive work in the fields devoted to advancement of 
knowledge always attains the highest success where conceived in 
the philosophic sense. Sometimes I shudder when thrown with 
a person who sees only one thing—the world as seen through a 
crystal of feldspar or the pattern of a bird’s feather—and yet such a 
person has unusual depth of perspective and clearness of mind with 
reference to a particular problem. But how about what the feather 
means to us? What has it signified to the bearers of feathers? 
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Perhaps the poetry of motion in flight, the narrowing of space, the 
abbreviation of time? What enjoyment has featherless man failed 
to realize? The feather alone is nothing. In its wider possibilities 
it might mean a new world of life and thought. 

In the pattern of the new intellectual life of the adult it is to be 
hoped that the vanishing art of contemplation of things great and 
beautiful will have an important part—perhaps a larger place than 
in education of youth. It is certain that in this process of growth 
the progress of science will have never-ending interest. The inde- 
pendent institute in the natural sciences will overlook one of its 
greatest opportunities if it fails to recognize the possibility of con- 
tributing to indirect education by making clearly intelligible the 
new material coming from its researches. To industry, to educa- 
tion, and to all who wish to develop in understanding of the world 
as seen from the periphery of knowledge, such agencies will serve 
as important sources of stimulus to thinking as well as to building. 


THE SIGNIFICANCE OF THE BORDER AREA 
BETWEEN NATURAL AND SOCIAL 
SCIENCES 


O vAST is the field in either natural or human phenomena that 
one can hardly develop the courage necessary for discussion 
of both. As one mode of approach, it seems possible to 

range from either side by limited excursions into the bordering area, 
constituting in a measure a no man’s land where adventuring may 
be profitable. While other and more direct application of those 
principles which govern in human and natural science may be more 
profitable, there is hope that research of this type will help to solve 
some of the more important questions involved in relationship of 
the two. 

Recent almost unbelievable advances in discovery of processes, 
or laws, or modes of procedure in nature, are sometimes assumed to 
indicate the order of progress to be expected in application of corre- 
sponding methods to study of human conduct. 

Development of knowledge relating to nature has demonstrated 
that human intelligence can create the means for entering almost 
totally new universes of thought. At the same time practical 
application of the information obtained has given us control of new 
worlds of what might be called engineering opportunity. The 
transformation of our view of the natural universe through science 
has proceeded so far that, with reference to many things, we know 
as real experience today what was once conceived only in the super- 
world of fancy. 

Through these excursions of natural science into the world of 
matter, space, and time we have opened for inspection such un- 
imagined phases of nature as the structure and power of the atom, 
the almost unbelievable physical conditions obtaining on the sun 
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and stars, something of the nature of the dark continent of the 
earth’s interior, the intricacies of the living cell, and a little regard- 
ing the almost infinitely complex problem of life development. 

The modern type of research and education as it relates to natural 
phenomena takes one out to view the face of nature, not as static, 
but as something which is neither the immediate result of an 
original act of creation nor yet the end-member of an evolutionary 
series. 

So the geologist looks upon a great scenic feature such as Yosemite 
Valley, not as the ultimate achievement of geological process, but 
as the expression of a tremendous and fundamental process at a 


given moment. 


New fields of thinking opened by the penetration of research into 
nature are sometimes visualized through the medium of a theory, 
and sometimes by use of an instrument. The microscope shows 
another world as real and vital as is the larger scheme of things 
through which we walk about in everyday living. The telescope 
brings other universes within reach. The geologist and paleon- 
tologist, dealing with the shattered relics of great physical and 
biological features of the past, piece together the remains of forma- 
tions and of organisms in such way as to present a moving picture 
of time and change. 

The student of the development of the living cell records its slow 
stages through the medium of the cinematograph. Speeding up 
these views upon the screen, he sees the result of changes from a 
relatively long period flashed through in a moment, and recognizes 
in it phases which would otherwise escape notice. 

The vastness of the new regions of thought opened by science, 
and the dependability of the materials which they furnish, have 
developed in us a respect for the results which constitute one of the 
most important factors in present-day life. 

Possibly the type of intellectual development of the last century 
indicates, among other things, the dependence of progress in the 
study of science upon the development of human imagination. Ina 
measure the visions of the poet have come to be the realities of the 
investigator. They have also become sufficiently real to form the 
solid ground of industrial operation and even the basis of dividend 
paying. 

Viewing this subject from another direction, we recognize also 
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that, with the natural resources of the world blocked out and evalu- 
ated, there are calculable, in some measure, the limits of opportu- 
nity for civilization of the future. We see that the advance of 
science shows opportunity of the future to be dependent not alone 
upen the uses of raw materials as they have heretofore been utilized. 
The whole problem of the future may be changed by application of 
new ideas as to means for utilization of the materials. 

These situations have brought research in the natural sciences to a 

place of such significance that it can never again be considered 
merely a plaything or a luxury—or solely as a by-product from 
other activities. Recognized as a necessity in the development of 
means for utilization of the natural world, it is now an element of 
such importance that its promotion becomes second to no other 
group of activities. 
_ Another outstanding feature in advance of research in the natural 
sciences has been the discovery that there are few situations in 
which the limits of knowledge are clearly terminable. More and 
more in the study of nature does it appear unsafe to assume that the 
last item of information has been obtained on any subject. With all 
the inclination to segregate, and sift, and organize data, there is 
always the realization that it is unsafe to assume complete knowl- 
edge. 

What I have said thus far relates to the kingdoms of the non- 
human in the world about us. A further discovery which science 
is making lies in the fact that, as between what is called inorganic 
and that relating to life, the organization of things living represents 
a field of vastly more complicated relations than that in the non- 
living. There begins now also to be evidence of appreciation that 
the contrast between the living and the non-living is only a faint 
foreshadowing of the type of relation and the difficulties of inter- 
pretation which distinguish the human from the purely biological. 

The science of human organization is probably among the oldest 
of efforts for definition of knowledge. Much intensive inquiry had 
already been expended upon it before science in the field of natural 
history began to make visible the new worlds upon the conquest of 
which we have entered. 

The great difficulties encountered in human organization today 
are due generally to one or the other of two simple factors; one is 
ignorance, or lack of organized knowledge, and the other is selfish- 
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ness, or the influence of special interests of the individual. It is 
also true that advance is only too often impeded by the assumption 
that previous experience has given us the whole of obtainable 
knowledge. 

The enormous difficulties which we encounter in the study of the 
farm problem, of the tariff, or conservation, or prohibition, would in 
large measure melt away if complete, clearly organized data could 
be secured and viewed impartially. 

The methods of science have been developed through what are 
considered as impersonal judgments on the materials of the natural 
world. In any attempt to apply these modes of research in human 
problems, one of the safest means of approach is through border 
subjects in which the scientific method is recognized as applicable, 
and in which the touch with human problems is relatively im- 
personal. | 

In such a field as psychology, the searchlight of inquiry is turned 
upon problems concerning the nature and composition of elements 
comprised in the foundations of human conduct. The morpholog- 
ical, physiological, and developmental problems involved in con- 
sideration of the physical basis of human living are subject to the 
types of control used in biological research. The fact that we 
recognize these as having a bearing upon human conduct almost 
illustrates the whole of the principle to be established in considera- 
tion of the border area between the natural and the social sciences. 

Anthropology, or the scientific study of man, might be assumed 
to cover the whole of the border area, beginning, as it does, with the 
biological study of man through anatomy and physiology and ex- 
tending into ethnology, dealing with cultural expression and modes 
of thought. In this subject we may find practically every human 
problem represented. 

From one point of view anthropology reaches through archaeology 
into the region of history, and again into the domain of the geologist. 
Here the controlling principles are those which have been developed 
through generations of study in the natural sciences, and have even 
had their dependable application in the harvesting of natural 
resources. It is also important to note that opinion as to the sig- 
nificance of human history as illustrated in archaeology is not 
seriously imperiled when the problems considered are sufficiently 
far removed from present individual, family, national, or racial 
relationships to permit undistorted vision. 
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The field of history, as defined specifically, represents one of the 
most interesting links between a large group of subjects on one side, 
considered from the point of view of their application to man, and 
others which have been formulated on the basis of investigation of 
nature. In classification of knowledge, one is accustomed to hear 
reference to history and science as co-ordinate, as if different meth- 
ods or purposes were employed in the two. But more and more we 
recognize history as expressing through the movement of events 
another point of view or another dimension in the general scheme of 
knowledge, in somewhat the sense in which time comes to be related 
to space in considering the broader problems of the natural universe. 
This would be true without reference to application of the principle, 
whether it be with relation to the natural world or to human affairs. 

The story of the earth, in which the drama of human experience 
is being enacted, is for a couple of billion years or so of its extent 
considered as geology. Here one sees developing the conditions 
under which we now live, and even the growth of man himself. Of 
this story we consider perhaps a million years as within the range of 
human history. The other two billion, minus the million, are 
geology. Within the human story the aggregate time elements 
involved in what are commonly called history and prehistory would 
perhaps be estimated at fifteen or twenty thousand years. The 
remainder of the million or so is archaeology or geology, and the 
archaeology is itself read from a book for which the pages and 
general interpretation are furnished by the geologist and paleontol- 
ogist. Results of investigation in what have been called the natural 
sciences furnish a large part of our knowledge of the modes of con- 
duct or operation in development of the world about us. The 
principles which natural science derives in this study are, of course, 
only modes of procedure in nature, although we call them laws. 

While medicine initiates with the effort to cure human ills, its 
natural extension into the field of protection of the individual, both 
against society and against himself, means that this type of organ- 
ized effort is again an extension of investigation and application, 
ranging from fundamental natural history sciences into the region 
of human reactions. 

So as we review the groups of subjects which lie in the border area, 
there is realization of the continuity between the two fields of investi- 
gation. The student of natural science may properly count upon 
the right to extend his studies into much that concerns the human 
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group. It remains for the investigators on the humanistic side to 
indicate what it is that distinguishes human institutions or modes 
of procedure from those characteristic of other aspects of the world. 

One hearing this statement would perhaps infer that the point of 
view of the writer is that of a person attempting to see how far the 
cold principles of science may be made to carry over into the realm 
of the human. Presumably that is my function, and the statement 
relative to the significance of psychology, anthropology, history, 
etc., is framed with thisin mind. Iam, however, as much interested 
in the reverse of this process as in the extension of natural science 
into the social or humanistic field. 

Because impersonal science dealing with descriptive operations 
has made great progress, we tend to forget that, after all, to human 
beings the personal reaction to external factors ranks in significance 
with the character of the outside influences, whatever they may be. 
The importance of the border area is not to be measured wholly in 
terms of extension of impersonal science into the humanities. It is 
valuable also as a means of examining the human factor as it in- 
fluences science. 

Especially hopeful am I that through the border area subjects 
there may be better evaluation of those peculiar human features 
that have to do with individuality. Whatever else may be true of 
mankind, it seems that as intelligence increases and the view of the 
individual over the universe widens, appreciation of his individuality 
strengthens. To what extent may this factor, which seems at 
times to represent human undependability, be evaluated? 

Sometimes human variability, like that of a machine, may be 
attributed to what is called the instrumental error. Human beings 
at work, even in science, may show systematic, or instrumental, or 
personal equation errors. Often these must be determined in order 
to correct the results of work and make them fit what seem to be the 
facts. Sometimes individuals cannot agree as to what their sys- 
tematic, or instrumental, or personal errors are. Then, according 
to which scientific paper you read, the facts may seem to differ. 
The true result of a really great piece of committee work is often 
found through elimination of the systematic errors. 

Two weeks ago the Carnegie Institution lost, through the effect 
of a terrific explosion, its ship “Carnegie,” equipped for surveys of 
the ocean. With the destruction of the vessel, it suffered also the 


2432 PUBLISHED PAPERS AND ADDRESSES 


loss of the commander, Captain Ault. In study of the precautions 
against accident or disaster, there was discovered among the docu- 
ments a telegram from Captain Ault, under date of middle Novem- 
ber, which reads in part as follows: ““We grow gray and spend sleep- 
less nights trying to avoid losing equipment not to mention life and 
limb. At each ocean station the stage is set for any kind of accident 
and the determining element is human frailty. ... We have already 
modified our program doubling the time per station.”” What is 
the value of human frailty? In this case it seemed to have been 
evaluated and eliminated when such determination was possible. 
At the time of the accident the personnel seemed in perfect adjust- 
ment. 

Another phase of the human problem especially concerned in 
study of the border area relates to those tremendous features, the 
emotions. Whatever they may be, they represent the way the 
individuals feel about it. Perhaps they can be measured in terms 
of anatomy, or glands of internal secretion, or physical malforma- 
tion, or pathology. Perhaps there are other explanations toward 
which the student of human problems will contribute what the 
scientist has as yet been unable to discover. I remember standing 
near a prison in Yucatan. The governor had just addressed the 
prisoners. As we stood talking over the situation, he said to me, 
“Dr. Merriam, the question is, shall we punish, educate, or operate?” 
When determination is made as to what should be done under such 
circumstances, the conference will probably take place somewhere 
in the no man’s land which represents the overlap of natural and 
humanistic sciences. 

This paper is perhaps expected to raise questions rather than to 
answer them. I am also safe in assuming that you will consider the 
statement of any problem to represent at least half the task. The 
formulation of scientific laws is essentially an attempt to express the 
conditions as we find them. In reality science does not tell us what 
nature is but only how it operates. We may not expect to under- 
stand human nature fully. We shall come to know more about the 
principles which govern conduct, and probably learn to see things 
as they are humanly, as well as in the form of impersonal facts. 

It has been said that the line of beauty is curved, because it 
expresses all of the impinging forces involved. A straight line 
would be caused only by an explosion or the influence of a single 
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force. In human affairs it might mean selfishness. It is the line 
representing truth, sometimes expressed as beauty, that we seek in 
relation to study of human conduct. It must represent the effect 
of all forces or influences concerned. 

The story of the world as we see it through natural phenomena 
has brought out a marvelous group of principles, indicating a 
developmental process so vast that we comprehend it only with 
difficulty. There are reasons, and much to our advantage, why 
we should adapt ourselves in some measure to this scheme. In the 
field of human or social evolution one of the present questions is, 
shall we permit society to drift, perhaps also to better itself as the 
ages pass, but by a most expensive process, and without our partici- 
pation? Or shall we continue with the tremendous task of inter- 
preting human conduct in hope that by the use of such laws or modes 
of procedure as are discoverable we may accelerate progress and 
reduce the effort, together with the loss? ‘The desired end will not 
be attained through any one discipline or any one subject. The 
borderland to which I have referred may come to be one of the 
regions giving us the clearest view not only of man’s relation to his 
environment but of his own nature also. 

Some of the greatest mistakes in study of human conduct arise 
from viewing what has been called the spiritual as wholly divorced 
from the world of nature. Other errors equally bad arise from the 
assumption that the spiritual is entirely comprised in what science 
has thus far described in nature. The truth may lie in a view which 
gives us unity rather than separate worlds of being. 

Following my tendency first to state a problem, I have made no 
concrete applications of the principles discussed. Lest my attitude 
be considered to represent the wholly detached, or academic, view, 
perhaps I should say that my life is largely given to these very types 
of applications—just now in Yucatan, where history in the form of 
archaeology, supported, on the one hand, by study of the biological 
and physical environment and, on the other, by anthropology, 
medicine, economics, sociology, government, and a study of the 
arts, moves to help in interpreting the story of a great American 
civilization, and the effect of its contact with another culture that 
moved across the sea to meet it. 

Or if you come to our laboratories you will see biology busy, 
among other things, with endocrine glands in various relations, from 
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chemical composition to that influence which may at times cause us 
to ask, “Shall we punish, educate, or operate?” 

In these and other researches we have joy in co-operation with 
many agencies, expressing many views, physical and human. 
Among the co-operators we have pleasure in working with the Uni- 
versity of Chicago. So when I wish you here all success in the 
work which this building represents, it is with confidence born of 
knowledge of your ability and ideals, and the prophecy of great 
accomplishment in the program to which your effort is dedicated. 


THE PLACE OF RESEARCH IN THE PROGRESS OF 
THE NEXT GENERATION 


0 ONE who is historically minded, a forecast of research 

extending into the next thirty years will naturally frame 

itself from elements in the history of investigation. Re- 
gardless of the effort expended in attempting to make such a state- 
ment impersonal, experience makes clear the difficulty of eliminat- 
ing influence of personal contact where it has really existed. It 
may be wise to confess that this occasion stimulates the interest 
of the speaker both impersonally and through recognition of an | 
individual relation. 

It happens that the beginnings of my acquaintance with science 
have intimate touch with the work of persons who had an impor- 
tant part in development of research at the University of Iowa. 
It is also true that in some of my recent research interests I have 
had special reason to be grateful for what has been accomplished 
through activities of the same institution. 

As to beginnings of relation to science, my earliest recollection 
of spoken words presents the picture of a child standing before two 
enthusiastic students who were reading from a green book the 
name of a strange creature, Ornithorhynchus paradoxus, the duck 
bill or platypus of Australia. These formidable words were read to 
me by T. H. Macbride and Samuel Calvin at my home in Hop- 
kinton, Iowa, in the early seventies. Both men came soon after 
into service at the University of lowa. Both contributed no small 
part to development of science, education, and utilization of the 
material resources of the State and of the Nation. Between them 
they covered a wide range of scientific and educational activity. 
Macbride was professor of natural sciences, then professor of 
botany, and finally President of the University. Calvin was pro- 
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fessor of geology and concerned himself with great questions of 
conservation of natural resources of the Nation. 

The lives of Macbride and Calvin illustrate an important phase 
in the history of education, science, and research in the State of 
Iowa. They lived at a time when the interest of the scientist di- 
rected itself unconsciously toward examination and interpretation 
of the multifarious aspects of hitherto unstudied phenomena of the 
natural world. They worked at a time when, in the struggle for 
existence, the garnering of natural resources in minerals and the 
products of the tilled or untilled soil made effective the turning of 
scientific interest toward the natural history sciences, which had 
such large value in our learning how to utilize what nature offered. 

Although history may neither write its own beginnings, nor give 
an unbroken picture of moving events, we may assume that the 
first fairly-organized body of knowledge related to nature. It was 
not science in the modern sense, but was information required in 
making a living. 

Special knowledge of human conduct as contrasted with natural 
environment became relatively important when families and clans 
developed into comprehensive organizations, and social develop- 
ment required better acquaintance with the habits of individuals 
and of groups. With these changed conditions came the require- 
ment for intensive study of human organization. Perhaps govern- 
ment rather than the natural sciences represents the first carefully 
organized effort worthy of the term scientific knowledge. 

With widening of human contacts, and the epoch of geographical 
discoveries, there was increase of wealth and multiplication of 
needs for knowledge of natural environment. These influences 
stimulated development of the natural history sciences. The fact 
that this knowledge fed into the stream of practical human use in 
the husbanding of resources gave added importance, and ac- 
celerated the rate of development. 

In the past century new phases of science ushered in an epoch of 
discoveries in nature. The contributions of research have been so 
voluminous and so fundamental that whatever the trend of our 
thought may have been we know it to be largely influenced by these 
additions. This re-statement of our view of the natural world 
has given a picture of vastly greater scope than that in any previous 
epoch. Out of the accumulated fruits of investigation have arisen 
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such great generalizations as those relating to evolution of life 
through the ages, and the significance of this process in its present 
practical application, as well as in the tremendous possibilities sug- 
gested for the future. 

The accumulation of wealth built out of our vast resources, 
taken with the great accumulation of new knowledge regarding the 
world about us, offered opportunity for study of aspects of nature 
that would otherwise have been impossible. So we have seen in 
the decades leading to the present century an intensive develop- 
ment of the chemical-physical-mechanical sciences giving us mar- 
vellous industries and the enormous growth of power characterizing 
the present moment in history. 

Just as the fruits of endeavor in human organization made pos- 
sible the degree of advance in research necessary for discovery of 
new worlds in natural science, so now the humanist, equipped with 
a wealth of new materials and new modes of investigation furnished 
in part by the natural scientist, seems entering a further and more 
intensive examination of the bases of human conduct. On an 
occasion such as this today, when eyes are deliberately turned 
toward the future, it may be permissible to suggest that the next 
important stage in advance and application of scientific principles 
will concern itself more particularly with human conduct and 
government than with natural science. 

As illustrated in the lives of Macbride and Calvin, the history of 
Iowa shows the last three of the several stages in growth of knowl- 
edge to which reference has been made. Development of natural 
resources and of natural history sciences proceeded together through 
the closing decades of the nineteenth century. Intensive study 
of basic laws of nature in many aspects of science characterized the 
period immediately following. The later years have brought dis- 
tinction to the University of Iowa in the study of questions growing 
out of science and reaching into the fundamentals of human con- 
duct. Such are your investigations in psychology and correlated 
subjects. 

The science of human relations and government as it stands 
today is a type of formulation corresponding in a measure to gen- 
eralized natural history methods. But just as new conceptions of 
nature are made possible to us by development of new instruments 
or new theories, so understanding of human relations will extend 


2438 PUBLISHED PAPERS AND ADDRESSES 


itself through new visions of mechanism and function in that which 
underlies human thinking. 

In natural history the telescope has carried us out to regions of 
such remoteness that space and its contents reach immeasurably 
beyond what could otherwise have been conceived as the farthest 
heavens. ‘The microscope takes us into new worlds which lie about 
us in an infinity of multitudes. Framed partly by theory and 
partly by experiment, modern physics reveals a universe of motion 
and of power inthe atom. The vision of time to historian and geol- 
ogist opens the evolution of things in it to a measure previously 
undreamed. : 

So the psychologist in his codperation with the physiologist, 
chemist, and physicist penetrates a region in which the physical 
basis of life as represented in vitamines and endocrines furnishes 
unbelievable opportunity for guiding and perhaps moulding our 
future. And yet, with all advances made in the direction of defin- 
ing the physical as the basis of the psychological and mental, we 
find in the last analysis that both the physical and the mental seem 
largely to have eluded us. 

The idea of looking forward thirty years as expressed in your 
program is a bold conception. For purposes of ordinary life the 
thirty-day period of a household bill, or the four-year period of a 
presidential election would seem to cover the utmost limit of time 
for which one could give guarantees. But if one sees the subject 
from the point of view of the historian, or archaeologist, or palaeon- 
tologist, the forecast takes on the aspect of reasonable expectation 
as it frames itself through extrapolation from the recorded move- 
ment of events. 

Viewed over the longer stretch of time, it is a fine balance that 
one discovers in the history of nature and of human events. While 
poet, philosopher, and scientist may say “‘nothing endures but 
mutability,’ there is yet in the element of change that which 
stands in sharp contrast to the mere chaotic differing among unre- 
lated states of being. 

With our larger vision, the unhurried course of history and of 
evolution appears an expression of laws which come as near to 
being inherent qualities as do any other relationships brought out 
by investigation. We are, moreover, clear as to the fact that we 
do not deal with mere changes but with connected sequences which 
may be described as evolutionary. | 
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Science seems to have as one of its functions the development of 
a set-up which permits prediction. Discovery of a so-called law or 
mode of procedure means that we are in a position to say that 
given certain situations particular things will happen. It may be 
that prophecy or prediction relating to distant times was more 
fashionable in past periods than at the present moment. In many 
fields of study we are deeply impressed with the difficulty of pre- 
diction, not because we believe science unreliable, but because of 
the difficulty in bringing together all of the factors involved. 

In matters which relate to human kind individualistic tendencies 
make conttasts and differences predictable elements within cer- 
tain limits. This seems true both of human individuals and of 
specific social groups. But prophecy is one of the stock elements in 
everyday business promotion and in politics. J am not aware that 
anyone has ever made a study of the relative accuracy of business 
and of political prognostication, but examination of the results and 
of the bases of belief would be interesting. 

Science begins just now to recognize the need for considering 
prediction of situations somewhat removed in time, even if of the 
most general type. Such are those that relate to natural phe- 
nomena which influence human living. For example, the extent to 
which we shall be able to give assurance regarding the habits of the 
earth as they touch movements known as earthquakes will be of 
great importance in the future. It may not be essential that there 
be prediction of the exact time at which an earthquake will occur, 
or of the grade of violence. It is desirable to know that a particu- 
lar place may, within certain limits of time, be subject to move- 
ments against which a guarantee of complete safety would require 
a particular type of building. 

It may not be possible to say that at a particular spot, at a par- 
ticular hour, within a half dozen years we shall have rain or sun- 
shine. It will be important to know whether over great regions one 
may in general expect reasonable precipitation within a period some 
years distant. The present converging of many interests upon 
study of the weather with reference to long-range prediction repre- 
sents one of the most interesting, and perhaps one of the most im- 
portant, of all applications of science for the benefit of mankind. 
One finds here the need for almost every item of information that 
can be obtained from every field of natural science. Such are: 
the nature of matter as it bears upon the structure and function of 
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the sun from which we derive heat and light; the anatomy and 
physiology of remote stars which help us to interpret our own 
sun; the geography and climatology of our earth, with special ref- 
erence to the movement of air currents. In another direction we 
need to know the history of the earth, geological and biological, 
as an index of past changes of climate. So, from every side, the 
concentration of interest of physical and biological investigators is 
centered upon this great question. A solution obtained today 
would be of enormous value in the business world, and would im- 
mediately furnish a sound basis for prophecy in political discussions. 

I am sure it is not expected that I give in this discussion a fore- 
cast relating to specific problems during the next thirty years. I 
have already made the suggestion that in the history of science, 
as we have seen it in the State of Iowa and in our country, we have 
passed through steps which involve, first, the development of 
natural history data and, second, penetration of the field of science 
in such manner as to open practically new worlds of endeavor in 
physics, chemistry, biology, astronomy, psychology, and other 
subjects. I have also indicated my belief in the view that the next 
decades will bring to bear upon the study of man such an applica- 
tion of the results of science as will give us a new view of the human 
problem, and in many a new opportunity in living. 

Following in a measure the line of reasoning up to this point, I 
have a further vision of science and research as developing in the 
next decades with the double responsibility of even more intensive 
specialization than has been characteristic of recent years, and at 
the same time recognition of the need for further understanding of 
relations among subjects. When the professor of natural history 
was replaced by the professor of botany, we were merely on the 
way to setting up professorships in ecology, taxonomy, physiology, 
cytology, and other special aspects of biological science. We are 
now at the point where biochemists and biophysicists give us an 
important view of some of the more limited fields of study. At the 
same time we realize that the elements which are most bafiling 
in our researches may lie entirely outside the immediate field of 
the specialist in biology. It is, for example, desirable to know the 
influence of cosmic rays derived from remote regions of interstellar 
space upon ultimate elements of the cell determining inheritance of 
characters. 


— 
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We can never return to the stage at which the professor of natural 
history had available from his own experience all of the data relat- 
ing to each of his subjects. But the progress of science will give 
increasing importance to that type of interest which turns attention 
to the general philosophy of nature, with particular reference to the 
means through which the furtherance of research in each particular 
group may be advanced by touch with investigational activities in 
the whole field of knowledge. So, I predict that in the next thirty 
years’ advance of research in the natural sciences at the University 
of Iowa, there will be continuing development on the one hand of 
extreme specialization, and on the other side of a practical and philo- 
sophic touch among the many groups concerned. 

And returning to one of the elements in my initial statement, I 
believe that with the passing of years there will be more and more 
concentration of attention upon the aspects of science which have 
to do with interpretation of those almost infinitely difficult proc- 
esses which lie at the foundation of human living, human thinking, 
and the enjoyment of life asitis lived. The latest steps in scientific 
advance have shown the infinite complications presented by this 
program. Nowhere is there a phase of science that is not involved. 
Nowhere is there a type of research which may not in its ultimate 
meaning bear upon these questions. But by reason of the compli- 
cated nature of the subject there is no field in which there may be 
larger opportunity for fruitless effort. To assume that everything 
done in the name of science, and all that is set down as designed 
for human good is real science, is only to misunderstand the situa- 
tion. What we require is more intensive research, a more particu- 
larly inclusive philosophy, and more careful judgment as to how 
we may apply it all for the benefit of mankind. 

I may not close without having the pleasure of saying that no- 
where in the range of stientific activities in the country does there 
seem to me to have been fuller appreciation of the ideas upon which 
I have touched than in the work at the University of Iowa. Cen- 
tering in many departments, and in the studies of many individuals, 
the spirit which represents the search for truth and utilization of 
the results for human good has been expressed over and over. The 
fact that I have known particularly well the great researches of Dr. 
Seashore, through which he has attempted in codperation with 
many others to bring into application the type of effort which I 
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have considered, does not mean that I lack appreciation of the 
scientific and educational advances in many other fields. I will 
end with the statement that if the kind of development represented 
by your history of the past thirty years is made the basis of an 
intensified program for the future, you will have a record of which 
this institution and the country may well be proud. 


REALITY IN ADULT EDUCATION 


be made available for each generation, or the chain of ac- 

quaintance with knowledge is broken, and it becomes necessary 
to secure again much that has been discovered already. In the 
attempt to form mental images of many things difficult to present 
in true reality, the picture of knowledge is often distorted. In- 
adequacy in this view may be such that when matched against 
reality in later life the lineaments show little of resemblance. 

Whatever may be true of our attempts to give the youth a pic- 
ture of organized knowledge, there can be no doubt regarding the 
large part which reality must play in continuing education of the 
adult. For those who begin in later life the kind of education con- 
densed in the curriculum of youth, the course of learning may re- 
semble that of children, but the number of these is small, and over 
the years it will tend to diminish in percentage. The overwhelming 
majority of adults concerned with education will be merely growing 
in knowledge as contact and experience widen. ‘To these a theory 
or a law will have interest generally in proportion to the extent to 
which it is an expression of something real, and seen as having 
relation to human interests. 

Success of an adult education program will be determined in 
large measure by the degree of approximation to reality in elements 
utilized. With this type of presentation there must be clearness in 
logical or philosophical interpretation, and that touch which relates 
it to personal interest. Coupling of realities with philosophical 
interpretation may appear to bring radically different elements into 
the same harness. In actual life this is not true. The thought of 
even the most unscientifically minded has commonly its guiding 
principles, however strange they may seem, and the starting point 
of an idea usually has its basis in something accepted as reality. 

Advance in accumulation and use of knowledge has been possible 
by classification of materials and interpretation through the 
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medium of theories. The limited range of our vision has made 
necessary such means of simplification and organization. This 
mode of progress has given us so-called abstract knowledge and 
theories, and numerous kinds of representation in the form of 
collections, illustrations, and books. 

It is reported that at one time in the Middle Ages there arose a 
spirited discussion over the nature and number of teeth possessed 
by a horse. Literature was quoted and considerable attention 
directed to the subject, but without bringing in the living horse. 
One may inquire how often today we might find teaching of sub- 
jects ranging from biology to government largely by reference to 
literature and negligible use of materials which could be found at 
the classroom door. 

The opening mind of youth may be attracted by mental exercise 
in collecting, organizing, and reproducing such materials as text- 
book and classroom furnish. The mind of the adult requires more 
certain foundations in reality upon which to build. It demands a 
clear exposition of relationships and definition of perspective. It 
must have also the evidence of human value even if use be in a 
field of what may be called the less distinctly practical. 

The suggestion that realities are essential in adult education may 
appear to some as indicating lack of appreciation for condensed 
description and interpretation through books, pictures, museums, 
and other forms devised for presenting organized ideas. Habits of 
education are so firmly fixed that we sometimes fail to recognize 
the effect of turning our backs upon the things discussed in order 
to examine descriptions and interpretations. There can be no 
substitute for observation and personal interpretation as the basis 
for judgment even regarding comment made by others. Contact 
with reality only gives increased value to results of observations by 
those who have had larger opportunity for obtaining information. 

Adult education representing maintenance of intellectual and 
spiritual growth is the best guaranty of continuing interest in life. 
The soul that ceases to develop is practically dead. Education 
must include opportunity for the individual to develop not only 
his knowledge but his judgment. It is not sufficient merely to 
reflect opinions of others. Whatever the subject may be—econom- 
ics, religion, science, engineering—it is essential that students be 
led to the materials under discussion. Without such contact the 
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picture formed is certain to be inexact. Errors of direct observa- 
tion may be large, but under any circumstances they are less than 
those of a second-hand story. 

So in all fields of education for the adult, one of the elements of 
primary importance lies in contact with the thing itself, as founda- 
tion for constructive thinking, and as basis of judgment regarding 
the thought of others. 


THE CONSTRUCTIVE ELEMENT IN EDUCATION 


REAT events may come with the suddenness of lightning, but 
in our historical observation of such movements we find 
them commonly unhurried and showing evidence of sure- 

ness in fulfillment. 

We were glad when within a few months of the Armistice in 1918 
the shouting and tumult died. I am not certain of our remember- 
ing that after the captains and kings had departed the fate of 
nations depended largely upon the humble and contrite heart. At 
any rate, we did not realize that the bills, whether in money, in 
social reorganization, or in revision of ideals were still to be paid. 
It seemed then that we might go back to life of days before the 
war without serious influence of the great conflict upon the social 
order. 

After that great struggle each group returned to its special tasks. 
In many countries the burden was so heavy that only fundamental 
readjustments made organized society possible. In America we 
moved through ups and downs of business and politics, apparently 
carrying little weight compared with the handicaps of many 
peoples. Watching the throes of rebirth for other nations, we 
appeared to move along lines comparable to those of pre-war days. 

Regardless of specific origin for troubles which have come upon 
us in these later years, we know that our present situation is, at 
least, complicated by the fact that the rest of the world has been 
experiencing difficulties which arose out of the world cataclysm. 
With determination we have set out to find the immediate remedies, 
the causes, and the means for building out of the tangled machinery 
a better and stronger structure of society. We realize now that the 
evolution of governments and of social organization following the 
world war is part of a great movement in which some changes 
appear suddenly. But in general the modifications represent 
widely interlocking elements, and the rate of shift is in some meas- 
ure conditioned by the order of magnitude represented. 
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Recognizing now, in a manner, the significance of these changes, 
we have inquired in all directions as to what contributed most to the 
unbalance which comes so near to bringing down in ruin much 
that we had learned to consider indestructible evidence of progress. 
Science, as one of the foundations upon which modern engineering 
rests, has been asked whether its products may not be responsible 
for a considerable part of the disturbance. Business is requested 
to testify as to its real knowledge of what was taking place when 
destruction impended. Religion is questioned as to its responsi- 
bility for maintenance of standards of thought and of vision, such 
as might have prevented growth of selfishness and neglect of moral 
law. Education stirs itself also to inquire concerning opportunities 
and duties in seeking out elements which may have bearing upon 
conditions that permit such a situation to develop, or can guide us 
in the future toward paths relatively clear of obstacles. 

Examination of the history of education with a view to obtaining 
light on these questions opens results from centuries of effort to 
organize and simplify knowledge, and to make available methods 
through which the most accurate information and highest ideals 
can be used in advancing education of youth and adult. Butwhat 
is there in the present educational plan that may be improved so 
that in the future mankind can avoid these national and world 
cataclysms? Or what has been omitted from the scheme that 
could aid in bettering our situation? 

It is the purpose of this paper to suggest that, as one feature which 
should be considered, it is important to continue stress upon that 
element of education which concerns development of interest in the 
constructive life. It is believed that added emphasis on the wide 
group of interests in this field looks in the direction of increased 
safeguards against disaster, and will enlarge opportunity for joy 
in life through widening of range for individual and group accom- 
plishment. | 

Possibility of increasing value in those phases of education which 
touch the constructive aspects of life as it concerns society will rest 
in considerable measure upon maintenance of a high position with 
relation to several factors, among which special mention is made 
of reality, of unity in nature and in life as it arises out of natural 
law, and of continuity as derived from history. 

Among difficulties which have always faced education is the fact 
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that the instant any item of information is set down in formal 
manner it begins to lose reality. How vast a bulk of educational 
material is of this type, with values tending toward the vanishing 
point! The necessity for personal experience of what is taught, 
whether it be geography, discovery of a mathematical principle, 
or appreciation of art, is so great that one is staggered by the 
difficulty of overcoming the handicap. 

Outstanding among the ways by which one comes really to know 
new things or ideas are the avenues of experience or discovery, 
and that influence which we call personal inspiration. Inspiration 
by contact with the thing itself through our own discovery makes 
imprint which the mind can not erase. Inspiration coming from 
other persons, through reflection of greatness which we have not 
experienced, awakens new vision and helps toward appreciation of 
reality. Such inspiration may be transmitted by the written word 
in great literature. In one sense this is the definition of truly great 
writing. In general it comes by direct personal touch. 

Another obstacle which we face arises out of the almost infinite 
difficulty in obtaining appreciation of relation between that which 
has to do with the specializing process in knowledge, sometimes 
known as science, and on the other hand, the generalizing process 
which technically we call philosophy. Those who have examined 
the basic significance of the situation realize that science can not 
exist without a philosophy, and that philosophy is weak without 
the materials which specialized knowledge contributes. Once there 
is appreciation of this relation it becomes possible to bring into 
education that element of unity so important in the modern world. 
This is true in the sense of geography, or of time, and again of ques- 
tions which concern broad human interests. 

Without an appreciation of why we must accept relation to each 
other, or unity, of elements in space and time as in astronomy 
or geology or human history, it is almost hopeless to discuss rela- 
tionship in human events over the various areas of the wide world 
at a given moment such as the present. This element of connected- 
ness in events is something which the sciences and history should 
contribute each from its own point of view. Without it education 
wastes its vital breath on the torrents of passing years, and history 
will continue to illustrate the evils of requiring that each generation 
learn for itself the horrors of war, or the necessity of appreciating 
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interdependence among peoples on an earth organized as is this 
world today. 

A comparable handicap of modern education relates to the diffi- 
culty of attaining real success in any scheme of teaching based upon 
the idea of a static world. How much education of youth in affairs 
of life, say in engineering, has concerned itself with methods that 
were not new even at the time when the teacher learned Ais lessons! 
By the time the youth so taught reaches his period of greatest ac- 
tivity, at the age of thirty-five to sixty, he may be a quarter to half 
a century out of date. On assumption that the world is moving, 
education in such fields should be on the realities of fundamental 
things which will furnish the basis upon which to build new struc- 
tures when the time of new needs arrives. Along with this we 
must have the forward look into a becoming state of society with 
all its opportunities. 

What is taught regarding human affairs must of necessity concern 
the past, but it must be viewed in the light of a changing present 
and future. There must be proper stimulus of thought as to what 
next steps may come, with wholesome and reverent attitude toward 
the processes which may bring change and new opportunity to build 
in the individual life which is dawning. Such an attitude can have 
significance equivalent to the most important equipment that 
education furnishes. 

Granting the fundamental importance of always holding fast 
that which is good, it is essential also that we recognize responsi- 
bility for doing in each generation the things which are expected 
of it in the light of its peculiar opportunity, and in terms of prepara- 
tion by antecedent stages. Shall education accept the challenge in 
the sense of recognizing the essentially fluid nature of governments, 
business structures, human philosophies, and help to see both that 
the stream is not dammed, and that its current flows in the right 
direction? Attempts to dam the stream of movement in civiliza- 
tion are among the most disastrous of possible experiments. Fail- 
ure to recognize the potentiality of movement is in effect so to act. 
Education may and should build by use of great examples, but 
deification of individuals or unquestioning acceptance of old stand- 
ards may result in such a program of setting up permanent levels or 
standards that progress will actually be retarded. 

So we may look upon the constructive idea applied to a changing 
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world as an essential element in education. Properly to use such 
views means broad knowledge, clear perspective or vision, ability 
to express without overstating, and courage to take the long view. 

The particular period in which the spirit of inquiry should begin 
to make itself felt in education varies according to point of view 
regarding the function of inquiry. We hear vigorous discussion as 
to the desirability of postponing development of investigational 
methods and attitudes until after the Master’s degree. Looking at 
the problem from another angle, I have in mind two children, one 
on each side of the continent, who on first entering school thought 
the teachers took too much time in asking questions, and gave the 
children too little opportunity to find out what they, the children, 
wished to know. 

It is interesting to note that in monkeys intensive inquiry begins 
early and seems to continue strongly expressed through life. 

It is, of course, possible to confuse meanings of inquiry, investi- 
gation, research, and constructive activity. The dean of a gradu- 
ate school, or the professor engaged in guiding advanced students, 
must hold to rigorous standards if he is to attain success in the kind 
of training needed to develop the highest type of investigator in his 
chosen subject. On the other hand, it is possible to set up more or 
less routine methods of guidance, which produce technically trained 
men who will do effectively only what might be called mining in 
unknown regions of knowledge. In such cases there may be only 
imperfect development of the real urge to inquiry in the philosophic 
sense, or of the desire to build something into the scheme of things 
upon which the interests of mankind rest. Construction, investi- 
gation, inquiry, may not be synonymous, but the great value in- 
herent in each practically involves the others. In general terms, 
what we call “teaching students to think” represents the same point 
of view, although it is possible to stress “teaching to think” without 
so guiding the actual process as to give it the value of constructive, 
individual effort. 

Some may doubt whether what we call constructive activity is 
important in the routine of everyday life. It will be questioned 
whether the attitude of inquiry or of the constructive type has 
place in life of the average man. That few will be contributors to 
fundamental knowledge is clear. It is also true that to everyone 
who accepts a place involving responsibility there is continuous 
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need of adjustment, and that these requirements for judgment must 
be based upon knowledge concerning the changing course of affairs 
both natural and human. 

The average man of the future will of necessity live his life largely 
in a routine determined by customs of the prevailing social order. 
He will do his inquiring and his constructing mainly in fields which 
concern application of principles rather than in abstract philosophy. 
But increasingly he will find his largest measure of satisfaction in 
the building type of effort originating through his own thinking. 
As the product of life work of each individual accumulates, the 
evidence of true individuality will become more clear, until there 
emerges from the chrysalis stage of mere physical and mental sepa- 
rateness the new-born personality of one who, in discovering an 
idea, has given to himself the right of individual recognition as an 
intentional participant in human progress. 

Relation between the vision of education expressed through the 
constructive idea, and plans for educational guidance based upon 
building of character may be obscure. From my own point of view 
the two things are intimately if not indissolubly connected. Char- 
acter expresses the attitude of active and not of passive individuals. 
No one questions the relatively high place of character representing 
truth, and giving itself to that type of human relation which builds 
for better things. There can be no high character without these 
basic elements of truth and definitely constructive action. What we 
need is leaders who have wide and penetrating vision, ability to 
state the truth, and courage to urge advancement of its application. 

If education develops with the constructive point of view, look- 
ing forward to a changing world in which there is opportunity for 
every individual to build himself a place, life can have a stimulus 
such as perhaps no other influence will give. 

Even for those who occupy the humblest positions, a practical 
philosophy which sees something of the sweep of the past, and 
possibilities of the future in terms of a constructive life would give 
a new vision. To secure opportunity of this nature has in some 
measure been the great fight of the ages, which has represented 
a striving for liberty to build and not merely attempt to gain 
freedom from restraint. 

Such a philosophy as has been discussed, if widely utilized in edu- 


cation, would change materially the complexion of a social condi- 
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tion like that of the present, with multitudes unemployed, and 
with students of society and education concentrating on what to 
do with so-called “‘leisure time.” With such a view as I have 
taken, “‘leisure’’ would not be just time to play. It would be 
opportunity to realize hopes and ideals; the possibility of attaining 
true citizenship and of acquaintance with the inspiring influence 
of real achievement. 


LETTER TO WILLIAM H. WELCH REGARDING 
CLIFFORD BEERS AND THE MENTAL 
HYGIENE MOVEMENT 


February 11, 1933 
Dr. William H. Welch, 
Welch Medical Library, 
1900 E. Monument Street, 
Baltimore, Maryland. 


My dear Dr. Welch: 

I have just been looking over a group of materials relating to 
the problem of mental hygiene and touching especially the work 
of Mr. Clifford Beers, founder of this important movement. In 
watching development of studies in mental hygiene I have been 
increasingly impressed by the attitude of mind toward problems of 
this nature represented in the work of Mr. Beers. 

In this age, there has been a tendency to look upon science as 
limited to those things in which advance is by means of rigid 
formulae or clearly defined relations of cause and effect. While 
there should be no question concerning desirability of accuracy or 
of certainty in scientific study, we are quite clear that most of 
the methods used ultimately reveal inadequacies. In the end I 
believe we have come to see that the scientific method is charac- 
terized in considerable measure by attitude of mind and desire for 
the truth rather than by complete mathematical-physical solutions 
of questions. 

In the contributions made by Mr. Beers, maintenance of point 
of view and objective have made possible what we recognize as a 
continuous advance in study of problems which often make it 
difficult to secure exact mathematical solutions. 

In spite of these difficulties, I believe that the contribution by 
Mr. Beers in the mental hygiene movement represents one of the 
truly great advances in our understanding of the human problem. 

With my sincere good wishes, believe me 

Very truly yours, 
(signed) Joun C. MeErRrIAM 


Twenty-five Years After: Sidelights on the Mental Hygiene Movement and Its Founder, 
edited by Wilbur L. Cross, pp. 254-255. New York: American Foundation for Mental 
Hygiene, October 1934. 
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FOREWORD TO FIRST AND SECOND ELIHU ROOT 
LECTURES 


the purpose of presenting to the public clearly stated announce- 

ments of results arising from some of its major researches. In 
this program the lecturers looked upon simple and authoritative 
statements of great scientific problems as the objective. The types 
of subjects used are illustrated by the discussions with which the 
series was opened. The beginning program included lectures by 
Dr. Arthur L. Day on “The Eruption of Mount Lassen,” by Dr. 
George L. Streeter on “Recent Studies on the Ear as an Organ 
Determining Equilibrium,” and by Dr. Sylvanus G. Morley on 
“The Chronology of the Ancient Maya.” Lectures of this type 
have been continued with increasing emphasis upon quality of 
material included and upon artistic presentation. 

Shortly after initiation of the first lecture series, it was recognized 
that a still wider audience should be reached by publication of the 
lectures both in magazine form and as supplementary publications 
to be assembled in groups or in volumes. Although not all of the 
lectures have been published, the material now of record has become 
a factor of importance in the interpreting of research results con- 
tributed by the Institution. 

The general lecture series, covering subjects such as those which 
have been mentioned, was designed to present authoritative, accu- 
rate, and easily interpreted results from studies on special problems. 
With the exception of a few cases, the discussion has not extended 
into the field of philosophical evaluation. 

The increasing tendency in recent years to look upon science as 
widely important in human affairs has led to consideration of the 
influence of these activities upon all aspects of life. Some phases 
of this discussion have extended into controversy, but always our 
interest in the relation between advance of science and development 


T 1921 the Carnegie Institution established a series of lectures for 


Elihu Root Lectures of Carnegie Institution of Washington on the Influence of Science and 
Research on Current Thought, pp. iii-v, August 1935. 
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of human values has seemed to deepen. In this review it has been 
increasingly apparent that the place of scientific work in human 
affairs will ultimately be established by consolidation of the values 
of science in the thought of the people as a whole. Itis upon such a 
foundation of recognition and appreciation of science that the 
future of research will rest. 

Consideration of responsibility of the Carnegie Institution with 
reference to use of the product coming from its investigations has 
led naturally to examination of means by which the Institution 
could aid in study of the values of science, without shifting from the 
field of research to that of other important activities. As one means 
by which the Institution could help to bring about an understanding 
of the values of science, it has appeared worth while to plan a group 
of lectures to be given from time to time on the general subject of 
the influence of science upon current thought. 

It is realized that, while such a series of statements as has been 
suggested may be made valuable to the public, also there is inevi- 
tably an influence upon the thought of the Institution itself with 
reference to its responsibility for interpretation of scientific truth. 

In establishing this lecture series the Trustees wished to recognize 
especially the influence on the work of the Institution, and upon the 
thought of the country, exerted by Mr. Elihu Root, who, through the 
whole history of the Institution, has been a guide and counsellor of 
unusual vision and of exceptional wisdom. Among those who have 
known the interest of Mr. Root in the development of science, and 
in its deeper meaning for life and civilization, there can be no doubt 
that this influence has been one of the most important factors aiding 
to guide science along the safest paths. 


FOREWORD TO “SCIENCE AND THE PUBLIC MIND” 


»EFERENCE to the present period as the age of science may 
y suggest any one of a variety of interpretations, according 

a A to the question under discussion. It may be interpreted 
to mean that this is a time when great material wealth or plenty 
is arising out of the products of science; or it may mean that this 
is an age in which science is making its most important contribution 
by opening broader visions of the world with everything in it, and 
furnishing better, more accurate, and more dependable modes of 
thought. To those who see the scientific age from the second 
position, the equipment made available to our minds and the conse- 
quent effect upon life are more significant than the wealth pro- 
duced. 

Whatever the point of view taken regarding the essential char- 
acteristics of a scientific age, we may not avoid recognizing the 
dependence of science upon education for development and for 
continuity of the values obtained. But there may be wide differ- 
ence between education in its relation to science considered merely 
as a producer of material wealth, and education in relation to sci- 
ence recognized as an influence upon our modes of thought and 
manner of life. 

Considered as valuable primarily because of its production of 
wealth and economic opportunity, science and its contribution of 
plenty might advance from stage to stage under the guidance or 
control of a relatively small percentage of the people. Education 
would be essential as the means for transmitting information and 
for stimulating new ideas leading to increased and widened produc- 
tion. It would also be desirable that the people as a whole become 
acquainted with the value of science in order to maintain adequate 
opportunity for advance. 

If, on the other hand, the significance of scientific work as de- 
veloping wider vision, bettered modes of thought, and improved 
attitudes of mind is considered, then education becomes of sur- 


Science and the Public Mind, by Benjamin C. Gruenberg, pp. v—vil. New York: McGraw- 
Hill Book Company, 1935. 
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passing importance as the means by which science can be inter- 
preted to the individual and to the masses, and the leaven of its 
influence be made to permeate the thought and life of the entire 
population. With this conception of values in science it would not 
be adequate to have acquaintance with the point of view or the 
logic of science limited to any small group of leaders in thought. 
It would be necessary to make provision by which these ideas could 
become the common property of all individuals. Only through such 
an extension of the influence of science could we expect to derive 
the full values which might properly come to the people as a whole. 

In this connection it is important to note that whatever the ulti- 
mate fate of government by the people, the highest success in a 
system of that type can be attained only by development of a 
citizenry thinking continuously and effectively according to a 


pattern which is fundamental in science, namely, one which in- 


volves wide and clear vision, recognition of need for continuous 
inquiry upon great questions, and the settlement of problems on the 
basis of facts and logic. 

If the argument presented is correct, the relation of education to 
science will be especially important when one considers the values 
of what we call science to be found in its influence as a mode of 
thought or manner of life. Under these conditions it would be 
necessary to recognize that, while every phase of educational effort 
is important in relation to science, emphasis should be placed upon 
avenues through which at least the rudiments of scientific education 
can become available to everyone. At the same time it is neces- 
sary to stress those special means by which such education can be 
continued into or through the period of major activities in mature 
life. ‘Tremendous as are the values of education in youth, we know 
that much of what is done at that time is equivalent to sowing seed 
which we hope to see develop at a later period if favorable condi- 
tions are encountered. In attempting to realize the full values of 
science it is essential that, in addition to education of the youth, 
we care for continuing growth by types of adult education that 
develop at the time when the learning process is adjusted to the most 
effective relations of life. 

Whether they concern science or other subjects, the processes by 
which this continuing growth of the adult develops will vary from 
time to time and will, in all probability, never lend themselves 
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wholly to organization or classification. In science they will in- 
clude every phase of literature, especially current publications 
represented by the public press. Much will be accomplished by 
motion pictures, museums, and the radio, and by discussion of 
great discoveries, either in pure science or in the operations of well- 
known industries. Formally organized study groups will also 
have their part. Critically important is the fact that continuing 
exercise and growth of the inquiring mind are among the greatest 
possible safeguards in a government resting upon the ideals and 
judgment of the people. 

The following study on the place of science in relation to adult 
education prepared by Dr. Gruenberg makes clear the importance 
of science to the public, and presents an extremely interesting and 
valuable picture of the types of activities now in existence, or which 
may be created. | 

It can, I believe, be predicted that, along with increasing values 
in a small group of fundamental human interests, such as art and 
civic righteousness, we may look forward to the growing impor- 
tance of science presented through adult education as a manner or 
mode of thought essential in the kind of civilization and the type of 
government which we desire to see realized. 


Wasuincton, D.C. 
April, 1935 


THE MOST IMPORTANT METHODS OF PROMOTING 
RESEARCH 


AS SEEN BY RESEARCH FOUNDATIONS AND INSTITUTIONS 


a wide variety of objectives and takes such different and 

irregular paths that it is difficult to segregate any small 
group of methods as clearly the most important. And yet it is 
desirable to consider some of the means by which creative activity 
or the advancement of knowledge may be aided. 

If one were to select from the many types of effort developed for 
promoting research, the classification would presumably include 
methods on the one hand expressed in terms of financial aid and, 
in another direction, by efforts to stimulate interest in research and 
develop activities leading to creative work. There would be, 
further, methods developing out of the interests of widely differ- 
ing institutions and activities in which the research promoted would 
be only the means to an end, and the type of promotion used would 
depend in some measure on the ultimate objective, as in the indus- 
tries. 

The classification of agencies listed in the program of this meet- 
ing is itself an indication of the various methods of approach to the 
problem, different means by which investigational activities may 
be promoted, different means of interpretation, and different ob- 
jectives. While learned societies and academies are concerned with 
many objectives which are the same as those of the university and 
the research foundation, there may be a considerable difference 
in the fundamental objective and the purpose for application of the 
results. It is to be expected that these differences will express 
themselves in the methods used for promotion of research. 

If additions were made to the list I would expect to include 
reference to so-called professional activities represented by the 


Rove by purpose and definition of the term aims at such 


Address before an open session of the meeting of the American Philosophical Society, 
February 20, 1937. Proceedings of the American Philosophical Society, vol. 77, no. 4, pp. 
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practice of medicine and health protection, together with agricul- 
ture and those industries based upon the physical sciences. While 
the specific objective of all these activities is professional in the 
sense of service applied for purposes in which compensation is 
involved, we must recognize the fact that great contributions to 
knowledge arise through all of these types of work, and that some 
aspects of research thrive especially well in relation to activities 
which involve the application principle. The promotion of re- 
search under the conditions presented by great industries offers 
some of the most interesting suggestions and presents many points 
which may well be considered in discussion of the investigation 
problem in other fields. 

It is, I believe, important to say that contrary to what seems to 
be a widely-held opinion, the securing and organization of funds 
does not necessarily constitute the thing of greatest importance in 
the advancement of research. I am convinced that in many insti- 
tutions there is not only adequate talent but with this abundant 
material which might be used, without support of large funds, for 
constructive study which would be of great benefit to mankind, 
and would be tremendously important for the individuals con- 
cerned. 

There are of course many phases of research in which advance of 
knowledge requires use of extremely valuable materials, the con- 
struction of expensive apparatus, or the costly work of gathering 
data over a wide area or a long period, and therefore special funds 
must be available if a really important work is to be accomplished; 
but the problems of this type constitute only a small part of all 
that needs to be done for the advance, organization, and applica- 
tion of knowledge. I have known a dentist in a small town rather 
remote from centers of education and research to build up not only 
an interest but an enthusiasm for a study of nature and for real 
advances in research by attracting the interest of teachers in the 
high school, and this extended to the students, the people of the 
community, and to major institutions of the State. 

The phase of the subject of finance which has perhaps been dis- 
cussed most in recent years relates to what is commonly known 
as the grant-in-aid, which is also commonly a grant to an indi- 
vidual. Closely involved with the grant-in-aid question and the 
allotment of funds to an individual, there is of course the seemingly 
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different point of view concerning selection of an individual because 
of his interest and ability, or the selection of a problem by reason 
of its importance. 

The stress placed on the idea of selecting the exceptional man by 
Mr. Carnegie has extended itself in various ways and has been 
interpreted differently by institutions in their efforts to promote 
research. It is interesting that there has been less notice of the 
corresponding stress laid by Mr. Carnegie on the idea of giving 
support to special projects such as characterized a part of his 
giving. In the third of the major gifts to the Carnegie Institution 
by Mr. Carnegie, the special point mentioned was the support of 
the large project at Mount Wilson Observatory, which was set forth 
in an interesting form through Mr. Carnegie’s statement that he 
desired to have the work at Mount Wilson pushed as he desired to 
repay to the old land some part of the debt which we owe by re- 
vealing more clearly than ever the new heavens. 

The administration of grants-in-aid has been tested out by a 
great number of experiments and experiences, so that any institu- 
tion entering upon consideration of this method of promotion of 
research should now find it comparatively easy to learn the oppor- 
tunities and at the same time the dangers of this means of advanc- 
ing investigation. If the assistance is given to a man of excep- 
tional ability in certain directions, it will be recognized that the aid 
is not assured alone in terms of money, but it must include those 
elements which have to do with the furtherance of research, includ- 
ing the mechanism by which investigation is conducted, the en- 
vironment in which the research is carried on, the opportunity for 
exchange of ideas on the project, and the means for recording and 
interpreting the results. 

If the grant is directed toward the solution of a particular prob- 
lem, it is essential that attention be given also to the discovery of 
individuals having such interest in the project that, whatever the 
importance of the subject its investigation may receive such atten- 
tion as is necessary if there is to be advance and better organization 
of knowledge. 

Although myself dedicated to service in the field of research, I 
have consistently maintained the position that real advance of 
research depends upon having a clear idea as to the general pur- 
poses of investigational and creative work. I believe also that real 
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attainment depends upon maintaining a clear picture of the rela- 
tions between research and other aspects of science and human 
interest. 

It would be easy to overdo the discussion of purposes of research 
in terms of broad generalities, perhaps neglecting that intensive 
study upon which the gathering of facts and the advance of knowl- 
edge depends. On the other hand, it would be equally unfortunate 
if multitudes of investigators in widely separated fields were to 
delve into the deeper and darker recesses of the universe of things 
and of thought only to pile up stone and bricks without knowing 
either the broad structure of the formations from which they are 
taken, or the ways by which the materials secured can be built into 
a new type of structure. 

Just as a means of promoting research, it would be important to 
make certain that the scientific and cultural background of the 
investigation be of such nature that we shall not only place the 
new facts where they are most effective, but that we shall have 
vision of the relation between the elements involved as the work 
proceeds. Research is not solely digging for facts; it is frequently 
in large measure the imaginative treatment of ideas and materials 
with a view to discovering relationships which we have not been 
able to understand. 


RESEARCH AND GOVERNMENT 
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THE PROBLEM OF THE SMITHSONIAN 
INSTITUTION 


M: PRESIDENT, Mr. Chief Justice, distinguished guests and 


members of the Smithsonian Institution. I understand 

you are here today to consider certain problems which 
relate to the future. For a discussion of those questions a study 
of the past is naturally important. 

There are very many opportunities which might be considered 
as within the field of vision of the Smithsonian. I take it to be 
your purpose, sir, not so much to consider what all these things 
may be as to consider what the specific objects are toward which 
this organization should be directed. 

The Smithsonian Institution arose at a time when the country 
was concerned with a struggle to utilize, to harvest, an unparalleled 
wealth of natural resources. With what seems to me rare vision, 
the leaders of the Government and the scientific men of this country 
gave themselves to a consideration of means by which this gift 
might be made of largest use to all people. 

The result was a plan most wisely conceived and wonderfully 
carried out, a plan by which there was set up under the guardian- 
ship of the Government an agency which had its own funds to do 
fundamental work, with the understanding that it would devote 
itself first to the development or advancement of knowledge, and 
then to the interpretation or diffusion of the information which 
might be obtained, so that it could be of use to the people as a 
whole. 

Those in control of the Smithsonian in its earlier days properly 
avoided so far as possible tying up the funds in buildings or in formal 
activities which it might seem necessary to continue to the disad- 
vantage of new work which ought to be initiated. 

As the Smithsonian grew there arose out of it the numerous de- 
partments or bureaus which have been discussed already in the 
splendid presentation this morning. Of these some have passed 

Remarks in informal discussion at Smithsonian Conference. Proceedings of the Conference 
on the Future of the Smithsonian Institution, February 11, 1927, pp. 60-65, March 1, 1927. 
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beyond control of the Smithsonian—for example, the Bureau of 
Fisheries and the Weather Bureau. These agencies, however, are 
closely related to the Smithsonian so far as the development of 
their fundamental research program is concerned. They have 
given themselves, however, to a direct service for the people, there- 
fore they must and do recognize that their first responsibility is to 
meet requests for information from the people. These departments 
also recognize that it is a part of their function to carry on research 
and to disseminate information, and they do it admirably and with 
increasing effectiveness as the years go by. It would not seem 
reasonable, however, to set up, for example, a Bureau of Fisheries 
that would devote itself entirely to fundamental research, and fail 
to answer questions of immediate economic importance. 

There grew up also out of the Smithsonian other agencies, such 
as the National Museum, which has in the first instance a conserva-- 
torial function. The Bureau of Fisheries discovers new specimens 
and sends them to the National Museum, where they are stored, 
and where those who have direction of the work of the Museum 
make scientific study of the specimens and return to the Bureau 
of Fisheries the information that can be of immediate practical 
value. 

With the passing of the years the Smithsonian carried on ex- 
tremely important fundamental researches; but more and more, 
as time passed, its activities and its strength, its administrative 
organization, were absorbed in direction of the agencies which had 
grown out of it, or which were turned over to it for administration. 
In the meantime its income has shrunk in purchasing power and 
need for the very thing which was in the minds of those who set 
up the Smithsonian Institution has increased enormously. 

We recognize today that we have mapped out our natural re- 
sources and know approximately what we have—and we have large 
supplies. They will last for a long time. But the population 
increases and the demands increase proportionately. We recog- 
nize, also, that now and in the future we must depend on a mod- 
erate supply of natural resources and on what we trust will become a 
very large supply of information as to how best to utilize these re- 
sources. So, referring to the need of the increase of fundamental 
knowledge and the dissemination of that knowledge, which was in 
the minds of those who developed the Smithsonian, that need has 
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increased enormously. But the Institution’s possibility of doing 
these things has decreased greatly because the resources of the 
Smithsonian have, relative to costs of activities, practically dimin- 
ished in value, and its activities have been absorbed to a consider- 
able extent in administration. 

It seems to me that the problem today is one in which, in the 
first instance, we should consider what the original function of the 
Smithsonian was and what its opportunities are for the future. I 
do not say that one should sit down to inquire whether the Smith- 
sonian should be discontinued or whether it has passed the period 
of its maximum usefulness. But all aspects of every problem 
should be taken into account if you are to reach a solution. One 
of the questions to be asked is: As the Smithsonian has developed 
and become the mother of these children, has it come to the stage 
in which its original activities will be taken over by other agencies? 

The answer it seems to me is that its activities are not finished, 
that its opportunity continues, that the need of the thing which 
it was set up to do is an increasing need and will increase during 
the years; that although we set up other agencies for fundamental 
research and agencies for service, although we set up a National 
Museum, which is for conservatorial purposes and also research, 
yet we must remember that there should be back of all these insti- 
tutions an agency with the opportunity to use mobile funds in 
support of the fundamental research needed by the people, but with 
that freedom which is required if you are to attack really funda- 
mental questions. 

By definition, research is the attacking of a problem about which 
you know relatively little. The Smithsonian in its inner directing 
or original organization, or its holy of holies, has the problem of 
attacking the basic or the fundamental principles, upon which 
knowledge is based. It seems to me that we need to keep in mind 
the great importance to our Government of all three of these types 
of effort mentioned: First, the Government department carried on 
primarily for service, and also developing its fundamental activities 
in research; second, the conserving group, which embraces the 
National Museum, having departments responsible for protection 
and classification of material, and also concerned with research; 
and, third, this inner group represented by the original Squivheon: 
ian. This was the mother of many of these agencies and has con- 
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tinued its great influence in disseminating knowledge. This inner 
group should always have the ability to attack the new question 
when it arises and should therefore have mobile funds so that the 
new problem can be taken up immediately. Such problems can 
be considered in connection with the National Museum which the 
Smithsonian still directs, or in connection with the Bureau of Fish- 
eries, or with any other bureau or department, but always with 
recognition of the fact that the inner group of the Smithsonian was 
set up to develop fundamental knowledge, to make it available to 
the people, and to help develop those agencies which come in im- 
mediate contact with the people through the practical application 
of knowledge in every day affairs. 

So, as we look at this Institution and its relations to our Govern- 
ment, it is clearer today than at any past time that an agency of 
this type, with an opportunity to take up fundamental questions 
in the service of the people, with a certain mobility in the use of 
its funds, is desirable regardless of other agencies which may 
come into existence. 

And here let me make it clear that the problem of the Smith- 
sonian is a specific opportunity. It is not the same problem that the 
institution which I represent has before it. You have a great 
agency closely related to the departments of the Government, with 
certain advantages and opportunities that exist for no other or- 
ganization. It seems to me that the Smithsonian in that inner 
group should always consider that it has the right to sit down and 
discuss scientific problems assuming that they have large human 
significance but without regard to immediate utilities. It is this 
inner Smithsonian that I believe you should consider, and the 
continuation and the extension of its activities in the future. 


THE OPPORTUNITIES OF THE FEDERAL GOVERN- 
MENT IN RESEARCH 


search program of the Federal Government. What I have to 

say is intended as constructive suggestion regarding what seems 
to me a program of outstanding importance for the country. You 
have in reality asked me to do two things: first, to consider the rela- 
tion of education to research, otherwise I would not be speaking 
before a meeting devoted to education; second, to consider the place 
of research in the Federal Government. 

Relative to the first point, in our attitude toward the use of knowl- 
edge we may be thought of as stating our position in three ways: 
first, with reference to the development of knowledge, which might 
be called research. You may call it “discovery,” or “investigation,” 
or “invention.” It is increasingly clear that with the progress of 
civilization new knowledge must be made available continuously. 
Nearly all the other kinds of supplies upon which we depend are 
pretty well blocked out, and we can see how much we have. In the 
case of knowledge we see no limit. There is a great constructive 
opportunity in every direction. Research as a profession will be 
increasingly important in future generations. 

The second attitude which I have in mind is that of the person 
desiring to assist in the transmission of this knowledge to other 
individuals. Interpretation of the material means practically the 
same thing. In its various forms this constitutes the field of 
education. 

In the third place, there is the application of the knowledge 
produced and transmitted. Sometimes I refer to this aspect of 
activity as engineering; in other words, getting things done with the 
facts available. 

These are three fairly defined fields of activity. Yet I am quite 
convinced that the occasions are rare when in operation in any one 
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of these regions you do not require the support of and close union 
with the other two methods of operation. 

The best illustration of this interrelation that I can give is found 
outside research. The greatest successes today in the field of 
engineering industry are those types of effort in which the applica- 
tion of knowledge is closely tied to production and to transmission. 
The greatest of our industries today give attention even to the most 
fundamental aspects of research. They feel that their foundations 
are largely built upon investigation. On the other hand they have, 
quite properly I think, come to the conclusion that good advertising 
is just good education of the people as to the value of their product. 

So I see also the relation of research and education as one in which 
you have different primary functions but necessarily a very inti- 
mate relation. I do not believe that any educational institution 
can proceed long without resting very heavily upon research. No 
educator is safe who is not concerned with study of the fundamentals 
of knowledge. If he is not doing this he does not know where the 
limits are, and may some time step over into a field of which he 
knows little or nothing and talk unwisely regarding it. The safest 
man is the one who is constantly engaged in verification of the things 
with which he is concerned. 

It is also perfectly clear that education of the youth is a forward- 
looking process, one looking to a time when things will be different. 
With the rate at which knowledge changes, all the way from physics 
to economics, it is important that the student’s attention be directed 
to the foundations of knowledge through use of which new materials 
are being discovered, or will be discovered, and which will develop 
in him the proper attitude of mind relative to movement of knowl- 
edge for the most active part of his life. 

On the other hand, it is nothing less than suicidal for any agency 
to devote itself primarily to research without keeping in the closest 
hand-touch with education. In the first place, there is the likeli- 
hood that in time objectives will be lost sight of, not in one year or in 
two or three or in four, but in time. One who is cloistered may for- 
get that there is an outside world, and may forget that service to that 
outside world is the primary reason for allowing any individual the 
privilege of engaging in research. 

It is also clear that when the products of research are obtained 
the investigator himself should be in good position to help interpret 
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the results to the world, not perhaps the best person in the world to 
do this, but one who should be concerned in such interpretation. 

So in my relation to research I feel that the responsibility carries 
on to a place at which, after the investigation is completed, an 
attempt should be made to put the results in form such that they 
may become available to the world. The scientist concerned with 
the special subject upon which one works receives the results in the 
technical monograph. The scientist in the next field may receive 
the results through a magazine or a newspaper statement. 

Passing over to the second part of the subject which I am to 
discuss, namely, the place of research in any governmental organiza- 
tion, I hold to the view that private initiative, or the sense of 
responsibility of the individual, is the most important and the most 
fundamental element in development of science, just as is true in 
development of government. I believe in individual, or private, 
or group initiative in science. And yet we know that there are 
certain great questions upon which the interest of the country or the 
community should be centered in order to use the strength of the 
whole group. We haven’t much doubt about the need of coopera- 
tion in war, although it took considerable time for the Allies to 
decide to work together in the recent Great War. When they did 
organize as a unit they won the war. Had they not done so they 
might have lost it. 

I am still of the view that democracy is a useful experiment. It is 
a form of government in which the source of responsibility lies in the 
people. Democracy must be built upon education and upon the 
spirit of inquiry, which is only another name for research. It is not 
possible for a people to vote upon a problem of importance without 
having in the first place information and in the second place judg- 
ment. 

I look upon democracy, not only as a “form of government built 
upon education and inquiry,” but as one “seeking judgments rather 
than decisions.” Judgments are built upon information used by 
the careful laying out of the facts through a process of inquiry. 
This method corresponds essentially to research. Some other 
types of government may be built upon decisions. It may not seem 
to matter at times whether the decision is good or bad so long as 
something is decided. In democracy we are assumed to be trying to 
settle questions in the right way, and with the support of the people 
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as a whole. If this is true, it is important that the people be edu- 
cated to understand the essential nature of inquiry in its relation 
to the democratic form of government. Not until this principle is 
recognized can we have successful democracy. 

It is also clear to me that 1f democracy is to represent the interest 
of all the people, and if it is to be based upon information and upon 
judgment, there will be occasions on which the people as a whole 
should stand behind certain very fundamental types of investigation. 

It happens that we have established some forms of investigation 
backed by the community. Unfortunately I did not hear Secretary 
Wilbur’s paper on “Medicine and Its Relation to Community Edu- 
cation,’ but I have no doubt that he said what I am saying now: 
that the community must stand behind the development of a pro- 
gram such as that of medicine if we are to succeed. 

We have gone far enough in expressing the wishes of all the people 
so that at the present time there are highly developed agencies 
studying problems that relate to defense—we will not say “offense,” 
but war in the sense of defense. We should have a number of great 
research agencies in the Government—I am not specifying whether 
it be city, state, or federal—concerned with other basic questions 
which relate to the interests of the whole community, and especially 
those which take long time for their solution. 

At the moment many consider it dangerous to place in the hands 
of the Government anything that takes a long time for completion, 
because there is no telling what bureaucracy or change of personnel 
may do. I recognize the dangers. I believe, however, that we 
should be concerned with study of matters such as—I will say the 
weather—in order not to conflict with any special governmental 
problem now under discussion. Weather is a reasonably important 
thing, especially when considered with reference to its prediction 
over periods of months or years. If I could write out on a piece of 
paper a formula by which you could predict the state of the weather 
over the earth for five years ahead continuously, think what would 
be saved in the way of redistribution of labor, such as our President 
has supported for so many years We could say, “The crops will be 
poor this year,” or, “The crops will be small,” ““Move the men here,” 
“Do your extra building this year, and your harvesting of extra 
crops next year.” It might result in a saving so great that it would 
not take long out of this to pay the national debt. 


OPPORTUNITIES OF FEDERAL GOVERNMENT IN RESEARCH 2473 


At the present moment there are various agencies concerned with 
a study of the weather. It happens that the institution which I 
represent is carrying on a research which has been under way many 
years. It is being conducted on the basis of fundamental physical 
and mathematical investigations. The work is being done in 
Norway by a very distinguished student with a number of assistants. 

Another institution, the Smithsonian, with the aid of a grant from 
the National Geographic, is studying the problem of variation of 
solar radiation with the idea that it may be possible in the course of 
time to tell what to expect in the way of variation of the amount of 
heat and light coming from the sun over periods of half a dozen or 
more years. 

If these investigations, and others relating to them, should be 
successful, by a combination of studies of what takes place in our 
atmosphere through the interpretation of the physicist and the 
mathematician, and the research on heat and light received from 
the sun, we might be in a position to predict the weather over a 
considerable period. 

This is an investigation which is fundamentally important to the 
whole world. It is something which cannot be fully understood in a 
day, a week, a year, or a decade. It is a thing which concerns you 
and me, andthe nation. There is every reason why all of the parties 
concerned should interest themselves in its development, whether 
the problem be solved by this generation or the next. 

So in commenting on relation of research to government I am of 
the opinion that, while investigation should develop mainly through 
individual and group initiative, there are reasons why the city, the 
state, and the Federal Government should select objectives that 
concern the people, and especially very difficult problems requiring 
long continued study. 

There is too little graft, either through wealth or power, on the 
part of the scientist engaged in research to worry about it. There 
is a possibility that in change of personnel over the years interest 
may lag. But I believe that committees of Congress selected im- 
partially, without reference to party, standing behind such investi- 
gations might bring about tremendous advances in our knowledge of 
things concerning the community as a whole. 

I have spoken about the weather and also health. I see no reason 
why I should not also refer to such things as flood control, erosion, 
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the study of the forests, the tremendously difficult problem of graz- 
ing, and then on into questions which relate to education, which 
relate to those great human problems so tremendously important 
and yet so difficult even to define. If it could have been made pos- 
sible to set aside the right group of men a number of years ago to 
study the problem of temperance without reference to alcohol, the 
work might have great significance at this particular moment. 

The last point that I wish to make concerns the relation of re- 
search in the Federal Government to education. In this I come 
back to the beginning of my subject. There is much discussion as 
to what should be done with the results flowing from investigations 
in the various departments of the Federal Government. 

In the first place, the task of solving great federal questions is so 
difficult that real attainment seems always just beyond our reach. 
The reason we are unsuccessful in the study of so many great na- 
tional questions is because we do not have the information and the 
organized knowledge on which to make a judgment. We are always 
fighting just a little behind the line we wish to attain. So it would 
seem to me that the departments of the Government should be 
given every opportunity to take up these great questions without 
any handicap which might reduce efficiency so far as research is 
concerned. On the other hand, it is clear that a great responsibility 
rests upon the departments which are conducting investigations in 
the Federal Government to make available to the people the results 
of such researches. 

In my own special work, I have been much concerned regarding 
the best means of handling results of research. But it finally 
occurred to me that every result from a scientific investigation is 
what the public press calls spot news. The public is interested in 
it because it is something that has not been known. Stated in the 
proper form, it immediately becomes food for the whole people. 

Not long ago a distinguished statesman said to me he felt that in 
the use of materials from the great scientific institutions—the unt- 
versities, the Government and others—there lay one of the major 
opportunities for stimulation of the people to a realization of their 
responsibility in government. He said, “What can you do without 
a thinking people? And what greater opportunity is there than 
that of stimulating the people to thought by presenting to them the 
results of investigation?’ In the first place, such service makes 


OPPORTUNITIES OF FEDERAL GOVERNMENT IN RESEARCH 2475 


clear the fact that we do not know the limits of knowledge well, 
and that there is much that ought to be learned. It develops sucha 
frame of mind that when new questions arise they may at least be 
considered as new. In other words, it develops the important 
quality of open-mindedness. In the second place, the presentation 
of these results to the people always makes clear the importance of 
carefully planned, organized search for knowledge, and of carefully 
worked out means of attaining judgments rather than decisions. 

With reference to how education may be organized in the Federal 
Government in its relation to research, I would say the less organiza- 
tion the better. Reduce to the simplest possible type the means 
by which contact is made with other great agencies of the country. 
Let the government departments concerned with major investiga- 
tions tend to educate educators and thus keep in contact with other 
institutions. 

So, believing that there are very great questions which need the 
support of the whole people concentrated in effort of the Federal 
Government—I favor strongly the development of a research 
program. This must, of course, be done with extraordinary care. 

All of the government departments need support in their desire 
to put the ablest, the strongest, the most vigorous men in a position 
to attack the greater questions. The smaller matters can be taken 
up in many other ways. We should be careful to distinguish be- 
tween major responsibilities and minor ones when we are concerned 
with the Federal Government. 


Carnegie Institution of Washington 


SCIENCE AND GOVERNMENT 


HAT I had thought to say concerns, in the first instance, 
the relation of science to government. One might claim, 
with some possibility of proving the case, that this is an 
age of science. There appears to be no field of human endeavor in 
which greater progress has been made, at least during the last few 
decades, than in the broader scope of scientific work. 

There are some who look upon the scientist as, in part, to blame 
for this depression, because he has helped to develop some of the 
basic ideas which made possible our overproduction of goods, and 
because he has given us some of the materials out of which were 
formed certain of the most terrible things of the World War just 
behind us. One might glory for the greater part of these few min- 
utes in the developments of science, discussing the astounding dis- 
coveries in the nature of the atom, and in their application to our 
interpretation of what we find in the outer realms of space. 

At the present moment we are having an extremely interesting 
time discussing whether the universe is exploding. At our Carnegie 
Institution Observatory at Mt. Wilson, in California, there seems 
evidence of a relation between what is called the red shift—that is, 
the movement of certain lines of the spectrum toward the red region 
—and the distance of spiral nebulae from us. It looks as if the 
farther a nebula is away, the faster it is going. 

One might turn in the other direction, and refer to the way in 
which scientists are opening up the sources of energy or power in 
the atom. In one of our laboratories not far from this building, 
there has recently been developed an apparatus in which we develop 
several million volts. This power is transmuted into radiation of 
the type of radium, or a little more rapid, and these rays are being 
turned upon the central area, or the nucleus, of the atom, to break 
it down. 

Whether we shall be able easily to transmute atoms or materials 
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from one substance to another remains to be seen. Whether we 
shall be able to utilize the energy in the atom comes nearer to being 
a practical question today than at any time in past history. Some 
of my friends feel that this 1s within reach. 

In the development of knowledge and human effort we began 
with a cycle of natural science. Ancient man learned the kinds of 
plants that he ought not to eat, the kinds of snake that ought not to 
be allowed to bite him, the kinds of animals that he might eat and 
those he should avoid. He soon set up a classification of the things 
about him organized according to what we now call botany, zoology, 
and geology. 

And then, when human groups began to grow larger, there devel- 
oped that extremely interesting task in which you are engaged, of 
trying to discover how people can live in close proximity and get on 
together. ‘This was that difficult work of learning how to organize 
what we call government, and to develop economic and political 
principles. Man has been continuously working on the problem 
since that time. Sometimes we think that the task is not particu- 
larly well done. From my point of view as a scientist, seeing the 
field with a different perspective, I should say that what man has 
done in the way of developing government so that a world like this 
can get along at all, is perhaps his greatest single achievement, as 
much as still remains to be done. 


DEVELOPMENT OF GOVERNMENT 


Perhaps even more than we have discovered concerning the 
chromosomes, and the molecules, and the spiral nebulae, are the 
things that we have learned about human organization. Still it 
continues a very great and a very difficult task; one upon which all 
the knowledge, and all the interest, and all the patience of the world 
may well be directed with the feeling that it is as profitable an effort 
as could be carried through. 

In the development of government, we have had an interesting 
experience in the United States. There is here a combination of two 
kinds of things; the effort to obtain all the personal liberty possible, 
a perfectly justifiable and desirable thing; and attempt to secure all 
the strength that may be obtained from united effort of individuals. 

I believe in the principle which President Hoover stated in his 
little book on individualism. Iam a strong believer in individuality. 
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It is my view that the higher the intelligence, the more definite the 
desire for individuality. 

With intelligence the individual sees more of what is about him, 
and his own self is more sharply separated from what is around him. 
Any form of government which attempts to submerge the individual 
is certain to go on the rocks. That can’t be done without taking 
away intelligence. 

In the United States one of the sharpest contrasts is between 
government of the State and that of the Federal organization. The 
State represents the local interest. The Federal Government repre- 
sents those powers given by the States to a central group for the 
benefit of the whole. 

You represent States, coming together in an extremely interesting 
way, to discuss the problems of the States by way of a special organ- 
ization, rather than by way of the Congress set up by the States. 
A large part of the influence which develops to control our country 
does not arise out of political organization. It comes out of our 
modern town meetings—the Commonwealth Club of San Fran- 
cisco, the City Club of Chicago, and other nonpartisan, deeply 
interested and effective organizations which set themselves to work 
upon problems as problems, and without reference to that partisan 
_ relationship which seems to be necessary in our government at 
present. 

So one is interested to see this peculiar kind of a grouping in which 
representatives of the States come together in an unofficial way in 
order to study the problems of the State. 

My relation to State problems has been mainly through two 
avenues. ‘The first is a relation to questions which touch the devel- 
opment of scientific organization in the States. Many years were 
spent in an effort to find out how far a State should go in the organ- 
ization of its research, how far it should solve its own problems, 
and how far it should go in asking the central government to aid. 
It has always been my feeling that the State should do everything 
for itself that it can do, rather than lean upon the Federal Govern- 
ment. 


NATURAL RESOURCES 


A second relation has been through a consideration of natural 
resources. ‘There has been study of mineral deposits, forests, and 
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more recently parks. The scientist attempts on the one hand to 
cure us when we become ill; on the other hand, through influence of 
the parks, he is trying to keep us in such good health that we will 
not need a doctor. Especially in these times of depression the out- 
of-doors is one of the greatest cures for our ills. 

So I became interested in the State park as contrasted with the 
national park, the State forest as contrasted with the national forest, 
and have come to see the great responsibility resting upon the 
State to provide for outdoor life and recreation and those curative 
influences of nature and the out-of-doors which are among the 
greatest safeguards. 

Especially through relation to activities in the State of California, 
I have been interested in helping to build up protection of those 
natural features in which the State has provided itself. In a very 
definite way that State is justifying before the Nation its belief in 
natural values of the region by purchasing State parks and pro- 
tecting its forests. It has indicated that it believes what it has 
said concerning these values. 

Through all these discussions, in all the aspects of the problems, 
even up to the point where they touch taxation, I hope this organiza- 
tion will put responsibility upon the individual, upon the commu- 
nity, upon the city, and upon the State, to work out their own 
problems, and thus reduce the increasing load of things that we are 
throwing upon the Federal Government. I believe that States 
should save the central government from everything that can be 
cared for at home, and through this build the individual to the 
highest level of effectiveness, and to the highest level of enjoyment, 
which in the long run means not only a great State but a great 
country. 


SOME, RESPONSIBILITIES OF SCIENCE WITH RELA- 
TION TO GOVERNMENT 


@T THIS particular moment in history necessity for judgment 

(on emergency questions has brought engineering, science 
and constructive work in sociology into important relation 
to government. Whatever views we may hold regarding the sig- 
nificance of scientific contributions in the present situation, this is a 
time in which questions touching the responsibilities of science to 
government can be discussed with hope that attention directed to 
the subject may aid ultimately in advancing understanding of this 
relation. 


OBJECTIVES OF SCIENCE COMPARED WITH THOSE OF GOVERNMENT 


Although science and the scientific method have become almost 
the controlling factors in certain great organized activities, as in 
some aspects of industry, the mode of operation of science has 
seemed commonly to differ sharply from that of government. Fun- 
damentally, science relates to search for realities and principles and 
to their interpretation. It is the discoverer and organizer of facts. 
Science may also be creative, but commonly it is the inventor, 
engineer and artist who produce that which has not previously 
existed. Government is a form of organization or administration 
designed to make it possible for human beings to work together with 
mutual advantage. Its operations must be based upon realities or 
the truth, but their basic objective is the furnishing of means for 


bringing about relations among people which, according to current 


views of democracy, will give the maximum contribution of power 
or strength or wisdom for the whole group, and at the same time 
the highest degree of individual liberty consistent with such or- 
ganization. 

Though fully effective government must be organized on the basis 
of facts and of those principles which can be demonstrated to repre- 
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sent the best interests of the people, often control is by brute force, 
by influence of money, or by many other kinds of power. Or 
government may be through control by types of propaganda repre- 
senting ideas imposed upon thought of the people. Some of these 
suggestions may represent the truth, and others may be far from 
correct. Whether or no we recognize such government as legiti- 
mate, it may nevertheless be a foundation upon which much of 
human organization rests. 

Again, it is necessary to realize that a government by the people 
will be what the people desire to have it, regardless of our specific 
views as to what it ought to be. Ability of leadership to accept such 
situations, and still in some measure furnish guidance, may be an 
important element, and yet be difficult to measure according to 
standards of scientific evaluation. 

The problem of human organization or government must then 
be looked upon as representing a group of objectives quite different 
from those commonly visualized by the scientist. But in spite of 
this difference, it is important to emphasize the idea that ultimately 
in conduct of its affairs government rests upon elements which may 
be subject to investigation through the modes of approach used by 
science in search for the truth. Seen in this light, the responsibility 
of science may appear very large with reference to problems which 
relate to government. 

As the term science is commonly understood, there has been much 
difference of opinion concerning the extent to which we may reach 
from this field into the region of human interests represented in 
government. From my own point of view, while science will deal 
in large part with elements which concern the natural world, it must 
be looked upon as representing an attitude of mind rather than the 
study of particular types of material. What has been called the 
natural history of man, illustrated in anthropology and psychology, 
extends into a great variety of peculiarly human problems. It 
expresses itself in another way in the type of historical research 
represented by archeology, paleontology, and geology, presenting 
the evolution of man and his cultures. So far, then, as one can 
follow the study of human kind by use of methods which determine 
realities, and the relations between such real materials or states, 
we may look upon science as reaching into the investigation of 
human relations, even touching the field of government. 
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So, in the American Association for the Advancement of Science 
we have divisions of the organization concerned with human ques- 
tions so intimately that we recognize overlap of the natural and 
social sciences spreading into the field of economics, and even includ- 
ing problems which would be called governmental. 


RELATION OF ADVANCE IN SCIENCE TO EVOLUTION IN SOCIAL AND 
GOVERNMENTAL ACTIVITIES 


In viewing the relation of science to government from another 
angle, it is interesting to consider the achievements and progress in 
these two fields. The average estimates on rate of advance in 
knowledge have been assumed to indicate that science is the out- 
standing human activity of this time. That a wide road has been 
broken through boundaries which once marked the limits of knowl- 
edge regarding the natural world is clearly true. Extension of 
scientific thought taking us out in space to remote nebulae, into the 
minutiae of matter in the atom, and back in time to periods earlier 
than the date of man’s creation, makes it impossible to avoid the 
view that science has entered wholly new worlds. 

But great as are the achievements of science, we must realize that 
over long ages mankind has been moving forward in the work of 
constructing a stupendous and complicated organization which 
makes it possible for human beings to live and work together. 
Through this striving there has been developed in government a 
means for adapting individuals to each other which is perhaps the 
outstanding accomplishment of the human race. In spite of views 
which we as scientists possibly hold, government, with all its weak- 
nesses, may represent the most important contribution of human 
experience up to the present time. But since government is not 
yet shown to be wholly scientific, and science is not yet fully adapted 
to government, the problem of the moment concerns means by 
which continuing development in forms of organization and adminis- 
tration essential for well-being of the community may be given the 
support which should come from constructive efforts through 
science. 

In consideration of this particular question it is desirable to ask 
whether the contributions of science toward solution of social, 
economic and governmental questions may aid in opening the way 
for new types of advance in governmental organization. May we 
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expect further movement in the fields of human research corre- 
sponding to that widening of vision and deepening of thought which 
were made possible in the natural sciences through construction of 
the microscope, telescope and theories like those expressed in the 
developmental or evolutionary view of life? 

The almost infinite complexity of human affairs as compared with 
situations in most problems of natural science indicates that a 
restatement or reorganization or redevelopment of social, economic 
and governmental science comparable to what has occurred in 
natural science will probably take place only through effort vastly 
greater than that which made modern scientific advance possible. 

Further development of government will show, among other 
critical features, that we need to consider human attitudes as they 
are encountered, though we may not justify them on the basis of 
scientific judgment. In examination of the factors involved in 
many great human problems there must be recognition of states of 
being and points of view for what they are, even if the conditions 
do not seem to fit completely into categories set up on the basis of 
facts and logic as we have catalogued and interpreted them in 
natural science. The emotional features of human beings and their 
individual independence increase the difficulty greatly. And yet it 
seems within the bounds of possibility that further great advances 
in evolution of government may occur, corresponding to those in our 
knowledge of the natural world around us. It is a part of the 
responsibility of science to consider the extent to which cooperation 
with investigators devoted to problems of government may facilitate 
such advance. 


EDUCATION IN SCIENCE AS RELATED TO DEVELOPMENT OF INITIATIVE 
AND TO QUALITY OF JUDGMENT ON FUNDAMENTAL 
PROBLEMS OF GOVERNMENT 


One of the most critical questions touching the value of science 
in its relation to public affairs concerns the possible influence of the 
scientific attitude upon development of initiative and upon the 
quality of judgments required in solution of many new types of 
problems fundamental in government. 

Future students of our political organization may be able to deter- 
mine the extent to which ability to obtain and to maintain political 
power is correlated with capacity for solving great questions of the 
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commonwealth. The natural development of government will 
presumably bring us increasingly close correlation between these 
two kinds of ability. The modification may come through bettered 
education of the people. Over the centuries the ultimate effective- 
ness of any government of the type which we support depends upon 
the capacity, the interest in critical questions and the point of view 
of the citizens. Though great leaders arise, in general the judgment 
of an educated citizenry will determine the nature of authority of 
government and the levels which it may reach. 

While attempting to develop a governmental organization giving 
advantages of strength for the whole group, we endeavor to main- 
tain freedom of thought and initiative. Whatever else is controlled, 
our religious views, our ideals and the opportunities for constructive 
work must be free from domination by central authority. 

In development of the highest type of citizenship, inquiry and 
initiative are essential. This attitude represents precisely the 
point of view taken by science and research, which must rest upon 
and grow out of inquiry and initiative. Through the field of educa- 
tion, scientific subjects should have large ultimate influence upon 
the manner of thought of the people, and therefore upon govern- 
ment. Development of the attitude of mind which they illustrate 
is essential in maintenance of a democracy. If democracy repre- 
sents the people, its roots must be in the people, and this involves 
ideas and attitudes as well as other things assumed to be more 
clearly defined. 

As science, research and constructive thinking havedeveloped in 
America, much of great significance has arisen within departments 
set up by the government. It is to be hoped that governmental 
policies will lean toward even greater extension of aid both to funda- 
mental research and to its application. And yet, we must expect 
in the future, as in the past, that the sources of scientific initiative, 
like the sources of governmental authority, will arise from the 
people under a great variety of conditions and in institutions and 
localities as widely spread as are the boundaries of the country. 

Non-governmental agencies representing a broad range of public 
interests, such as the Commonwealth Club, of San Francisco, are 
critically important sources of initiation and development of 
thought. Especially is this true of social and governmental ques- 
tions. The research activities in organizations of this and of very 
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many other types have a fundamental and far-reaching influence on 
the development of inquiry and initiative, and ultimately upon 


public judgment. 


FUNDAMENTAL SCIENCE IN GOVERNMENTAL PROGRAMS 


In study of great problems with which the government may 
concern itself, as in development of the present soil erosion program, 
or of study on land use, or in many other comparable questions, it is 
necessary to distinguish those elements which have to do with basic 
scientific factors from others which have been defined in terms of 
social, business or administrative values. Continuing development 
in our understanding of these major scientific questions will depend 
upon increasing knowledge of underlying principles. It is the 
responsibility of science to give its clearest thought and strongest 
effort to definition of these principles and to their intensive study. 

It is necessary also to appreciate the fact that in contrast to what 
have been recognized as scientific elements, no program of this 
nature can be carried forward unless there is clear recognition of the 
interests and desires or aspirations of the people concerned. For 
example, adequate land use is dependent upon what the people of 
the country or the world desire to do. If, as illustration, it is be- 
lieved that primitive natural beauty has an important place in 
development of the ideals and interests of mankind, then it 1s essen- 
tial that there be clear definition of the purposes involved and that 
provision be made for protection and use of such features or areas. 
If it is believed that mankind should outgrow the influence of that 
natural beauty which existed in the world as it was made, and 
develop into what might be considered a higher state of living, then 
primitive nature should be disregarded. 

In study of great problems clearly of naticnal interest, such as 
weather prediction, basic scientific research will continue to be one 
of the most important contributing elements. The information 
may be related to extent of variation in radiation from the sun, or 
the nature of physical phenomena involved in atmospheric move- 
ments. Or the necessary scientific data may concern the form of the 
earth and the influence of land features upon movements of air and 
water. There is no case which seems to indicate greater need for 
correlation and integration of results derived from many sources 
than in that touching acquaintance with the climate and weather, 
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and prediction of their moods or changes. For investigation of such 
questions it is important that science give its fullest aid wherever 
and whenever assistance is possible. The breadth of the founda- 
tion from which science and its application must build is indicated in 
the necessity for international cooperation in study of climate and 
weather. 

It is well known that in no application of science is the need 
greater for aid of government to the people and for contribution of 
science to meet needs of government than in questions touching 
development of agriculture. The fact that cultivation of plants in a 
multitude of ways will always be possible as individual projects on a 
small scale means that much-needed application of constructive 
effort through science will in considerable measure be conducted 
by the whole people or the government. But the vast difficulties 
of research in the fundamentals of such subjects as genetics, photo- 
synthesis, the chemistry and physics of plant biology and the 
influence of environment upon variation are so great that the contri- 
bution of all available research must be given to aid governmental 
agencies if the largest measure of success is to be attained. 


ScIENCE AND THE PROBLEM OF PLANNING 


The train of events reaching from the world war into the recent 
depression having given exceptional stimulus to study of national 
and world problems, one product of this discussion has been the 
exceptional development of planning. On one hand are proposals 
which would hold society to rigorously defined programs laid out 
by government. In other directions are modes of organization 
intended to increase liberty of the individual. Whatever the ulti- 
mate result, we are now considering the responsibilities of each 
generation for taking stock of assets and opportunities, and for such 
a forward look as is of advantage now and for later years. While 
it is not to be expected that a completely adequate program will 
be developed immediately, it is of great significance that we be- 
gin to recognize clearly that there is a future and that we have re- 
lation to it. 

It is possible that some of the most important relations of science 
to government will touch this field of planning. The great study on 
“Recent Social Trends,” carried out by a committee under the chair- 
manship of Herbert Hoover, contributed in an exceptional way to 
fundamental materials required in consideration of planning pro- 
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grams. It is important that information in the field of science be 
examined with reference to its possible value in study of major 
national or governmental projects. 

A wide view over the materials of science and history indicates, 
I believe, that until we know the past, its processes and experience, 
we shall not be equipped completely for satisfactory planning. The 
scientific study of history, with its stages of archeology, extending 
into early records of the earth and of life, is essential in such a pro- 
gram. Only a people acquainted with the basic meaning of history 
in the sense of the longer reaches of time, as well as with broad 
international relations, can make adequate judgments on over- 
shadowing world snefollenns such as face us at the moment. In- 
growing nationalism, which tends to neglect the world, both 
geographically and Histon cally, is accentuated by lack af per- 
spective. 

If available methods of education in history do not give us the 
needed illumination, I shall hope to see more works like H. G. 
Wells’ book of several decades ago on “The Discovery of the 
Future,” based upon results from scientific and historical study of 
the past. Perhaps one should say that to-day the prophet is not 
without honor save when he stays so much in his own country, or 
thinks so much of his own region and day in history, that he does 
not know the world either in space or in time. So the relation of 
science to government may be critically important in that group 
of functions which concern the forward look as based upon the 
experience of history. 

As bearing upon future relations of science to government in the 
study of planning activities, one may not avoid calling attention to 
the probability that the materials of science will continue to in- 
crease at a rate not greatly different from that of recent decades. 
Especially in planning programs is it important that new material 
be taken into consideration. It is therefore necessary to have 
increasingly close touch between scientific research groups and 
agencies of the government concerned with activities of the forward- 


looking or planning type. 
CONCLUSIONS 


There is no responsibility of science relating to the future of the 
country greater than that which concerns development of such an 
interest in scientific truth and realities on the part of the people as is 
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needed to guarantee that the highest values in life ultimately pre- 
vail. In this relation the specific responsibility of scientific agencies 
is very large. This will be met: 

First, by increasing emphasis upon the most fundamental types 
of investigation for the advancement of knowledge in every depart- 
ment. 

Second, by bettered means for interpretation of science and for 
education of the people as a whole regarding the status of scien- 
tific knowledge. In part this work must be done by scientists 
themselves. 

Third, by improved means for securing application’ of results 
from science, and at the same time better control of materials 
secured but not at once applied. 

One of the ultimate cautions to be expressed in considering the 
role of science concerns recognition of the fact that, although essen- 
tially science represents certain aspects of truth and reality, there 
are other phases of human interest, as in art and our fundamental 
philosophical and religious beliefs, which may be looked upon as 
having meaning at least comparable in importance to science. 
While it is necessary for us to define the realities and the truths 
represented by science, the elements sometimes called human values 
are realized largely through appreciation of what is involved by use 
of other coordinate or correlated modes of thought, such as those 
that have been mentioned. In considering their relations to 
government it may become a responsibility of scientists to join those 
concerned with study of these other aspects of thought if the ulti- 
mate human meaning of scientific truth is to be made clear. 

The significance of science as an essential feature in the life of the 
nation will be kept in balance by the people according as experience 
and education establish standards of value in which science and its 
truths take their place along with other critical human necessities. 
The scientist will not lose sight of the idea that his subject is only 
one of several requisite groups of things. And while it is necessary 
to remember that he will be held responsible if he fails to set forth 
the worth of his discoveries, it is also important to realize that 
science will be held responsible if over-emphasis is given to isolated 
groups of facts without reference to their real human significance. 
It is the responsibility of science to state the truth cautiously, and 
with care that harm be not done. The manner in which a thing 
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is presented sometimes goes far to nullify the value of what may 
have great intrinsic importance. 

Science should help to develop a clear appreciation of the needs 
of government, and so to organize and interpret its findings as to 
aid in solution of all possible problems. This means effort to learn 
what the application needs are, in order to be aware of the places 
to which new materials should go for the highest types of use. 

The scientist should not necessarily expect to administer the 
results of his own work, and yet the relation to administration 1s 
extremely important. He can not avoid considering the broader 
implications of his contribution, any more than the student of human 
questions can avoid knowing something of the meaning of scientific 
problems if the results of science are to be fitted into the economic 
or governmental plan. 

With these known factors concerning the value and opportunity 
of science appreciated by an intelligent, educated people, thinking 
continuously, constructively and unselfishly upon needs of the 
government, a great contribution would be made in guiding the 
nation along a safe course. 


CARNEGIE INSTITUTION OF WASHINGTON 


THE RELATION OF SCIENCE TO TECHNOLOGICAL 
TRENDS 


USTIFICATION of a planning program in technology, as in other 
subjects, may arise from recognition of continuing change 
either as indicated in past records or in the conditions of any 

given time. If accurate prediction of future situations were possi- 
ble, it would be important to plan the adjustment of flexible elements 
in all activities to conditions of the future. If precise forecasting 
is not feasible, forward-looking plans would still be desirable, as 
furnishing means for quick adaptation in order either to avoid 
cataclysmic changes or to carry out constructive programs. The 
extent to which effective planning is possible will depend upon the 
accuracy of our knowledge concerning both individual features and 
the laws expressed in changes known to have taken place. 

Modification in what we call the result or contribution of tech- 
nology as illustrated in industry sometimes occurs so quickly that it 
produces disturbing social influences. If such shifts could be fore- 
seen, many difficulties would be avoided. If they cannot be pre- 
dicted, it may still be possible to understand the circumstances 
sufficiently to avoid unfortunate effects if precautionary measures 
are taken. 

The relation of science to technology has become increasingly 
important as the products of research come to have a more sig- 
nificant place in industry. In development of this relation con- 
necting science and technology and industry, the responsibility of 
science to the contribution of technology is evident. But com- 
monly the relation of science to industry and technology is only in 
part direct; generally it is the application of inventive genius in 
utilization of results coming from research that brings about the 
rapidly developing series of changes in engineering and industry. 


In report of the Subcommittee on Technology, National Resources Committee, June 1937, 
Technological Irends and National Policy, Including the Social Implications of New Inven- 
tions, part two, “Science and Technology,” sec. I, pp. 91-92. Washington: Government 
Printing Office, 1937. 
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The importance of the relation of science to technology and to 
industry depends in considerable part upon the expectation of 
changes in science which may affect technology and influence indus- 
try or even the general trend of thought. If we were known to be 
dealing with a static world in which our knowledge regarding all 
available materials and of man was approximately complete, it 
would be possible to formulate plans which, with slight variation, 
might operate almost indefinitely. It is, however, clear that by 
whatever means we view the history of science and research we 
are seen to be dealing with almost continuously changing conditions 
to which adjustment must be made. Activities coming out of the 
growth of science have given us means for new development of 
transportation, geographic discovery, communication, and a multi- 
tude of other things, perhaps culminating in the automobile and the 
radio of the present day. A relatively large percentage of these 
recent advances has arisen from the contribution of science carried 
to application by engineering. A critical question in discussion of 
this subject concerns the expectation of a continuing supply of new 
knowledge from science which may lead to technology and industry. 

We may perhaps set down as one of the most important contribu- 
tions from modern science and research the suggestion that we are 
probably very far from having a complete knowledge of anything in 
the world of physical, biological, or human values. In the universe 
of things physical alone, very great advances have been made within 
the last generation in our knowledge of materials, forces, and condi- 
tions encountered on all sides in everyday life. In biology the de- 
gree of complication is still greater, and investigators generally hold 
that we are just beginning to understand fundamental life condi- 
tions and processes. 

To those acquainted with the development of science there is little 
difficulty in accepting the suggestion that our knowledge of nature 
and man will increase greatly with the coming centuries. It is also 
to be expected that human constructive activity will bring about the 
creation of conditions and relationships which have not previously 
existed. If this suggestion be accepted, development of any plan- 
ning program of national scope must take into consideration the 
significance of these new factors in bringing about readjustment. 
While it is not possible to predict the direction which such changes 
will take, or the specific fields in which discoveries, inventions, or 
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new creative activities may express themselves, it would be unfor- 
tunate if these possibilities were neglected in a general planning 
program. 

It is essential also that a planning program give attention to study 
of the actual applications being made of values derived from re- 
search in its various forms. Organization of means by which 
results of science already available or arising through new discoveries 
could come into human use might mean an enormous contribution to 
betterment of conditions for life. 

The law of survival of the fittest would ultimately care for new 
materials and new ideas. But our knowledge of evolutionary 
processes over the ages indicates clearly that intelligent grouping or 
cooperation or guidance, without the necessity of absolute restraint, 
may bring about relatively favorable conditions, and in a shorter 
time than is possible through influence of the law of survival of the 
fittest or the fight for existence. It 1s a part of the responsibility of 
an intelligent people to consider values which it creates and their 
relation to other values. It is doubtful whether long range plan- 
ning activity can perform a more important service than that which 
may be contributed through study of possible situations in this field. 

Further study of all programs relating to protection given by 
patents may aid in discussion of this question. In accepting respon- 
sibility for adjustment to advances through discovery and invention, 
it is possible to plan a program of patenting which would consider 
public interest to a larger extent in directions where such interest 
needs protection. 

The means by which adequate balance can be established among 
the interests and contributions of science leading into technology and 
industry and the elements arising out of studies on social, economic, 
and governmental questions cannot be determined through the 
thought of a moment only. They represent some of the most 
difficult among all human problems. They involve on one hand the 
possibility of high development of specialized knowledge and, on the 
other, the organization of society for mutual benefit. The spread 
between the highest expression of these types of interests is wide. 
But there is an intermediate position which must be found in order 
to secure the benefits of all. 

From a number of directions we have the suggestion that for 
guidance in development of new ideas, and for the protection of 
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society, it is desirable to set up types of organization which may 
bring together scientists, engineers, and forward-looking students of 
social and economic problems with a view to keeping close watch 
upon related problems in these several fields. The finding of some- 
thing like common viewpoints for investigators in different subjects 
may be difficult, but it will have increasing importance. Such an 
activity might be established in the hope of fitting new ideas and 
new techniques to advancing industries and to new phases of social 
and economic endeavor. If developed guardedly, such a forward- 
looking program presumably would not hinder the advance of 
civilization, and might be expected to aid in adjustment of human 
groups to some of the changes which inevitably take place. 

It is important to note that a responsibility for keeping in view 
the possibility of social influences arising from use of scientific 
techniques rests in part upon the scientist. Assuming that there 
will be an uneven movement in the economic-social stream, there is 
value in having those best acquainted with the nature of new ma- 
terials and new activities keep in mind the fact that they, as the 
source of such influences, should have some acquaintance with ulti- 
mate application of their products. At the same time it must be 
realized that unwise use may be due to factors of social significance 
with which the student of social problems should plan to keep close 
acquaintance. 

In following the implications of these questions it is, among other 
things, important to examine the idea that scientific methods may 
function as techniques, which in various ways influence modes of 
thought and even concern aspects of judgment. If science exerts 
this influence, it is essential that its contribution be guarded with 
the greatest care as to its use in education and also watched by the 
ablest students as to the manner in which it may affect or guide 
thought. As one possible influence of science upon thought, we 
may assume that if the minds of all citizens could be so informed and 
trained that as a rule there would be insistence upon having and 
using the elements of fact and reality, which are the basis of science 
and research, there would be guaranteed a relatively safer situation 
with reference to the handling of all human problems than has com- 
monly obtained. 
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FOREWORD TO PAMPHLET DESCRIBING 1932 EX- 
HIBITION, CARNEGIE INSTITUTION OF 
WASHINGTON 


HILE the exhibits described in the following pages all 

W represent progress in research, they are also planned to 

define problems and to interpret them in terms of relation 
to other subjects. The principle underlying organization of the 
exhibition has special meaning at this time of wide discussion on 
the human significance of research. 

It has been suggested that advance in science and engineering 
so far exceeds progress in application of moral and ethical prin- 
ciples that there is inadequate adjustment of conduct to oppor- 
tunity. If this be true, it is important to know where the respon- 
sibility lies. If enthusiasm of science has contributed disturbing 
factors, does the obligation for determining use of product and 
influence of changes rest upon economists, or on students of social 
and governmental problems, or on experts in morals and ethics? 
Or should the scientist have some share in accountability for inter- 
preting the significance of his own contribution? 

True science can not develop without a philosophy. Only by 
interlocking with other fields can it understand the problems 
peculiarly its own. In recognizing this interdependence of subjects 
it is natural to accept a share of responsibility for seeing and 
interpreting the conditions developing out of research. 

Science is the great contributor toward appreciation of an or- 
derly, dependable universe. As result of its efforts chemistry re- 
places alchemy, medicine becomes a healing, understanding art, 
and superstition fades. Standing continually face to face with the 
great unknown, the investigator is humble and reverent. His 
attitude guarantees that, at least by clearer picturing of relations 
involved in the progress of science, contribution will be made 
toward avoidance of ills that rise along the way. 


_ Exhibition Representing Results of Research Activities of the Carnegie Institution of Wash- 
ington, p. 6, December 9, 1932. 
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of peculiar significance as an influence turning attention 

toward advancement of knowledge, as contrasted with its 
restatement or transmission. The establishing of an agency for 
this specific purpose did not indicate that such activities were 
considered either more or less important than educational work. 
It presented rather a coordinate or supplementary program, which 
would naturally gear itself closely to that of institutions designed 
initially for the work of education, or for other special applications 
of knowledge. 

A group of the principal departments originated in 1904. Among 
them were Terrestrial Magnetism, Mount Wilson Observatory and 
Experimental Evolution. The last of these formed the basis for 
development of the present department of genetics. In the history 
of the institution many types of organization have been used, and 
there have been numerous changes in statement of program. So 
the contribution of Mrs. Harriman, through gift of the Eugenics 
Record Office with its generous endowment, led in 1921 to union 
of eugenics and experimental evolution in the Department of 
Genetics. 

In somewhat similar manner the Division of Plant Biology, es- 
tablished in 1928, shaped itself to embrace the work of six sections, 
including physiology of growth, photosynthesis or the utilization of 
solar energy by the plant, classification and its relation to heredity 
and environment, studies on the influence of aridity, the section 
concerned with relationships to environment, and one devoted to 
the history of plants. 

Development of the institution illustrates what have seemed to 
be the needs of organization in attempting to secure the largest 


T* founding of the Carnegie Institution of Washington was 


Address given at Cold Spring Harbor, May 31, 1929. Science, n.s., vol. 69, no. 1797, 
pp. 585-588, June 7, 1929. 
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measure of return in investigation. Recognition of research as in 
itself an essential human activity had not attained the wide accept- 
ance of the present decade, and much of the effort of the institution 
was given to support of investigation wherever opportunity might 
be found. The interest of Mr. Carnegie in discovery of genius or 
the exceptional man found expression in numerous special grants, 
designed generally for personal work in specified fields. 

With continuing study of opportunities for constructive work it 
was apparent that, in addition to the discovery of genius, advance 
of knowledge depends in some measure upon the possibility of 
bringing into research a degree of cooperation comparable to that 
which has been broadly characteristic of human relations in the 
advance of civilization. Out of this idea arose a type of depart- 
ment making possible concentration of effort upon a major problem, 
and opening the way also to effective advance of genius working 
in relation to other coordinate interests. 

From the earlier trend of the institution toward extreme, and 
sometimes isolated specialization, the more fully appreciated unity 
of knowledge in present-day thinking has brought once more a 
recognition of the interdependence of all scientific groups. Co- 
operative researches, including the most widely separated depart- 
ments and investigators, have developed a unity of interest and 
operation within the institution. They have brought into close 
relationship many elements which seemed only remotely related 
in objectives, and were widely separated geographically. In 
general the community of interest developed is at least as inti- 
mate as that which obtains within the spatially narrow limits of a 
campus. So we see the geophysicist and astronomer make plans 
for joint spectroscopic study of gases flaming from the inner earth; 
we find the physicist, chemist and astronomer turning their con- 
centrated interest upon the crucible of the sunspot or the spectra 
of remote nebulae; in biology the physicist and geneticist unite to 
wrest the secrets from the chromosome; in another region the plant 
physiologist, the mathematical astronomer, the paleobotanist, the 
archeologist, and the meteorologist enter together upon study of 
varying patterns in the rings of a fossil tree, in order to learn the 
habits of the sun in radiation of its energy in a remote geological 
period. 

To-day we findthe institution utilizing all the major types of ac- 
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tivity that have arisen in the quarter century experiment of its 
organization. ‘There are still widely ranging special grants. Great 
departmental activities still represent concentrated effort in spe- 
cific fields. The increasing mutual interest among research groups 
has not diminished the initiative of the individual. With the pass- 
ing of time the element of broader cooperation within the institu- 
tion has made more effective both the special concentration on par- 
ticular projects and the development of that wider view so essential 
in long-continued research operations. 

As the institution developed and research production attained 
considerable volume, it became clear that one of the greatest re- 
sponsibilities relates to the making of results available for others. 
Whether this concern the investigator, the general student, or the 
intelligent citizen, there is increasing realization that if the treasures 
obtained are hidden in labyrinths bounded by unmeasured walls 
of printed pages, they may bring relatively small contribution to 
the community which makes possible the joy of this work. 

In activities concerned with the field of the unknown, it will 
always be difficult to devise arrangements by which the information 
secured can be disseminated directly to those for whom they have 
largest use. But it is at least true that in the work of the institu- 
tion, each year sees real increase in effectiveness of statement, in- 
terpretation and distribution of materials. This applies not only 
to means used in reaching other specialists of the same field. It 
concerns as well the extremely important opportunity for com- 
municating the results to students of related subjects, as also to the 
engineer or applier of knowledge, and to those with interest in 
knowledge for its own sake. 

There has not appeared in these developments a tendency to direct 
institution activities into the field of education as it is generally 
known. There is expressed the recognition of a responsibility for 
transmitting information regarding researches in progress in such 
manner as to attain as nearly as possible full value for the work as 
it proceeds. 

The exhibits presented here to-day for the inspection of our 
friends illustrate one aspect of our view with relation to interpre- 
tation of research. They are the materials used in significant inves- 
tigations now under way, and are planned to make a simple state- 
ment of the problems attacked. They are naturally in the main 
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obtained from the laboratory at which we meet. They have spe- 
cial value because of the opportunity to see them through the eyes 
of those who have conducted the investigations. In addition to 
indicating the character of the questions asked of nature they show 
the mode of approach in attempting to obtain answers. If the 
story could always be told as effectively as it is developed here, we 
should have advanced far in bringing research to a point at which 
the statement of its results would be at once an extremely effective 
form of education. 

Concrete illustrations of the tendency to relationship among 
investigating groups of the institution are furnished through several 
groups of exhibits. In the first building there is illustrated a re- 
search on the development of the mouse, and the influences which 
may affect these changes. It is interesting to note that the early 
growth stages, showing division of the mouse egg into complex cell- 
structure, have been furnished by cooperation with our department 
of embryology in Baltimore. 

In the second building the exhibit, expressing the extremely im- 
portant relation between the thyroid glands and the process of 
metabolism or energy production, is a joint investigation carried 
on by Dr. Riddle, of the department of genetics, and Dr. Benedict, 
of the department of nutrition in Boston. It contributes on the 
one hand to interpretation of metabolism, and, on the other, con- 
cerns that extremely important influence of the endocrine glands 
which plays so large a part in the later stages of development. By 
way of the department of nutrition, this investigation has also 
close relationship to still other researches in the field of nutrition 
which are conducted under support of this institution by a distin- 
guished group of investigators led by Dr. Mendel at Yale Uni- 
versity. 

The exhibit by Dr. Blakeslee, in the first or main building, repre- 
senting through use of the jimson-weed one of the outstanding stud- 
les of the mechanism of heredity and mode of development in 
plants has its intimate relation to much of the research furthered 
by the institution’s division of plant biology. Especially closely 
does it touch the genetical researches of Dr. Belling, of that group, 
and the cooperative investigations of Dr. Babcock in the University 
of California. 

The exhibit of Dr. Banta, in the first building, illustrating influ- 
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ence of various external conditions upon sex and other features in 
development, is one of the outstanding studies concerning rela- 
tion between hereditary tendencies and environmental influences. 
Another institution research of comparable type is that of Dr. 
Clements, of our division of plant biology. Dr. Banta’s investiga- 
tions are limited to study of a small group of organisms, water 
fleas, examined by a wide variety of methods, and over a long 
period. The studies of Dr. Clements concern more especially the 
relationships of great masses of individuals in relation to their 
environment under conditions as they are found in nature. 

In the Eugenics Record Office on the hill above us, Dr. Laughlin’s 
unique genetical researches in inheritance of physical and psycho- 
logical characters of the thoroughbred horse make direct contribu- 
tion toward the study of inheritance of physical and mental char- 
acteristics in man. 

But the background against which these interesting accumula- 
tions of experience in observation of the horse must be projected, 
is formed by such researches as those on the fruit fly under the 
hand of Morgan, Metz and many others, on the larkspur as ex- 
amined by Demerec, on the study of variation in maize, on the 
chromosomes of the jimson-weed, and through a whole new world 
of knowledge developing in many institutions engaged in research. 

The special studies on human inheritance and development, 
constituting Dr. Davenport’s culminating problem of the Eugenics 
Record Office, depend not only upon the broad foundation of re- 
searches extending from genetics through all biological and phys- 
ical sciences, but connect us in other directions with a great field 
of inquiry on specifically human questions, presumably not to be 
solved solely by study of plants or lower animals. 

One of the interesting illustrations showing relationship of this 
work to that of another institutional activity is found in the co- 
Operation between genetics and early American history in a study 
of race mixture. On the biological side there are involved the 
elements of inheritance through the chromosome, and the influence 
of the ductless glands upon development. ‘The biological researches 
lead into investigations of mental traits and the consideration of 
human thinking and emotion, in which science has done little 
more than to lay out a region where it expects to make progress by 
the scientific method. | 


INITIATION OF RESEARCH IN CARNEGIE INSTITUTION 2503 


On the historical side of the work we see another group of stu- 
dents slowly but surely bringing together the kaleidoscopic picture 
of human experience. Essentially it seems an expression of the 
potentiality of man in nature with respect to change in accordance 
with law. : 

While genealogy, as sometimes interpreted, appears to look to 
the past as a justification for what exists, history tends to see its 
much Iénger record not merely as justifying what is, but as the 
evidence of a great becoming. 

History would admit the absence of value in consideration of a 
past from which there comes no lesson, or of things for which there 
is no remedy. It is good philosophy, as well as good psychology, 
to turn away from that which can not be corrected. It is also 
true that, taking human experience in the large, the Joy of living 
and of being will not depend alone upon the manner in which what 
lies before us functions at a given moment. Two of the greatest 
truths in science concern, on the one hand, the unity of nature in 
the operation of its laws, and, on the other, the evidence that 
what we call stability of form or function is found only by those 
who see the universe, or any part of it, as an illumination of experi- 
ence corresponding to the vision of a wind-swept forest under a 
lightning flash. 

With what we know of nature and of man, it might appear that 
one who learns to know not only the form and functions at a given 
moment, but sees also the controlling modes of change, might well 
become master in the universe. 

And finally, as wide as may be the range of these researches and 
the relationships which I have attempted to sketch—chromosome, 
mouse, thyroid of dove, horse, man—we find them balanced 
against each other as complementary elements in method and in 
point of view. It is through this kind of breadth of vision and mu- 
tual support that combined efforts of the many and varied insti- 
tutions, such as are represented here to-day, may hope ultimately to 
obtain a clear and verifiable picture of the world about us, and of 
the place which man has in it. 


THE CARNEGIE INSTITUTION OF WASHINGTON 


HE Carnegie Institution of Washington was founded by 

ANDREW CARNEGIE in January 1902. A second and re- 

vised charter from the Congress of the United States was 
effective as of May 1904. ‘The Institution is organized under a 
board of twenty-four trustees, with an executive committee meet- 
ing frequently through the year for consideration of policies and 
specific plans for conduct of research. 

The founding of the Carnegie Institution of Washington by Mr. 
CARNEGIE was of peculiar significance as an influence directing at- 
tention toward the idea that there is an important field for special 
effort through adding to knowledge, as contrasted with the restate- 
ment or transmission of knowledge. The decision to establish an 
agency for the specific purposes expressed in the Carnegie Institu- 
tion did not indicate that such activities are either more or less 
important than educational work. It presented rather a coordi- 
nate or supplementary program, which in its operation would 
naturally gear itself closely to institutions designed initially for 
the work of education, or for special application of knowledge. 

Research had already given clear indication of its superlative 
importance to future civilization through rapidly increasing demon- 
stration of the fact that available information regarding ourselves 
and the world about us is only a part of what may be obtained. 
The idea of pioneering, or of exploration, in the field of knowledge 
as an activity of such intrinsic importance as to warrant its special 
support received exceptional emphasis through Mr. Carneciz’s 
contribution. 

Established to encourage “investigation, research, and dis- 
covery, and the application of knowledge to the improvement of 
mankind,” the methods defined for conduct of business of the cor- 
poration were stated in such terms as to permit the doing of what- 
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ever might seem properly to advance knowledge and its use for 
benefit of mankind. 

In the early stages of operation, the activities of the Institution 
were directed toward support of a relatively wide range of subjects, 
and the grants were commonly for specific projects and for limited 
periods. An important stimulus to constructive work in many 
types of agencies seems to have resulted. In time the tendency 
developed to direct effort toward certain major projects the solution 
of which required longer periods and greater opportunity for con- 
centration of funds. This movement led to the origin of depart- 
ments devoted each to its specific subject and under leadership of 
an investigator bringing exceptional vision and ability. It had 
become clear that in the elaboration of knowledge many problems 
of first importance had already attained such complication that 
their study could be conducted effectively only through the united 
and concentrated work of groups of individuals. The departments 
which arose were dedicated to the study of great questions, and 
gave to groups of individuals the opportunity to advance knowledge 
in a cooperative effort presenting exceptional possibilities to all 
engaged in the program. 

The system of minor grants for special projects, or to distin- 
guished individuals, was continued, but in many cases advantage 
was found in relating the problem covered by the special grant to 
work of a department of the Institution especially fitted to coop- 
erate with the investigator. The operation of this plan meant 
commonly a contribution consisting both of funds for support 
and of assistance by an actively investigating agency. 

Continuous study of the possibilities in research through the In- 
stitution has been necessary, as also the recognition of constant 
change in requirements of the country and in opportunities for 
furtherance of investigational work. The experience of the Insti- 
tution during the quarter century of its effort to serve as a special 
means for advancement of knowledge, furnishes material which 
will have real value in future study of the place of research in the 
scheme of human activities. It is still too early for anything more 
than the most general statement regarding the meaning of the 
accumulated data. 

In later stages of the Institution’s work, real advantage has ap- 
peared in a close relation between departments, comparable to 


2506 PUBLISHED PAPERS AND ADDRESSES 


that which had developed in many instances between departments 
and individual investigators. The favorable features of continu- 
ous, concentrated effort upon specific subjects in departments have 
been supplemented by active interest and support of related agen- 
cies within the Institution and the cooperation of many other 
organizations. 

Many significant investigations have developed within the Insti- 
tution through cooperation and mutual support of departments or 
other agencies joining in attack on problems in which there are 
common objectives, but for which no single group is equipped to 
handle all researches necessary. Illustration of such combined 
effort is furnished by a program of the Geophysical Laboratory and 
the Department of Terrestrial Magnetism, initiated for study of 
the effect of high pressures upon the critical temperatures of mag- 
netization of materials contributing largely to the mass of the earth. 

A further plan for cooperative study now under way is illustrated 
in the work of a committee, representing two departments of the 
Institution with investigators from outside agencies, brought to- 
gether for the purpose of research on physical features of the 
surface of the moon. The astronomer interprets the moon by 
means developed through long years of careful study of its surface. 
The physicist and mathematician approach the problem as ex- 
perts on physical laws as they are expected to operate. The geolo- 
gist, volcanologist, geophysicist, and physiographer interpret the 
surface of the moon in the light of knowledge acquired from cor- 
responding studies of the earth. 

The Institution today contains all of the elements that have 
arisen in the course of study of its problem. There are still widely 
distributed special grants. The greater departmental activities 
still represent concentrated effort in specific fields. The increasing 
mutual support has not diminished initiative of the individual or 
of the group, but it has added an element which with the passing 
of time becomes more and more valuable, both in effort to concen- 
trate upon special projects and in keeping that view of the larger 
field so desirable in long-continued researches. 

In the present organization of the Carnegie Institution the major 
researches are grouped in twelve departments or divisions with 
which are associated many specific investigations not of the depart- 
mental type. These divisions are the following: Embryology, 
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Genetics and Eugenics, Nutrition, Nutrition and Vitamin Chem- 
istry, Plant Biology including the Desert Laboratory, Tortugas 
Marine Biological Station, Geophysical Laboratory, Seismological 
Research, Terrestrial Magnetism, Mount Wilson Observatory, 
Meridian Astrometry, Early American History including Archeeol- 
ogy, and Historical Research. The sections of the work of the 
Institution differ in organization and in type of objective. Ad- 
ministratively they are designed to give effective concentration of 
effort upon critical problems, and to permit cooperation in a 
wide range of scientific effort. Inasmuch as the objective of the 
Institution relates to the solving of problems of varying types, a 
difference among the administrative units is to be expected. 
Particular care has been taken in the selection of problems. The 
number of matters which might be investigated is infinite. Per- 
haps the number to which investigation might profitably be di- 
rected is also infinite. But it is expedient in each period to consider 
what questions may have largest use in furtherance of knowledge 
for the benefit to mankind at that particular time. In accordance 
with the thought of Mr. Carnecie there has also been careful 
search for the individuals best fitted in temperament, training, and 
interest to undertake investigations of the highest type. 
Continuing study is given to understanding of means by which 
the Institution can most advantageously make the results of its 
work available to all scientific workers and to the public. Publi- 
cations of the Carnegie Institution of Washington are designed to 
present in concise form the results of researches not finding their 
way to the public through other natural channels of scientific 
literature. In this series 577 volumes have been issued on subjects 
ranging over the field of scientific and humanistic research. In 
addition to publications issued through these “Publications of the 
Carnegie Institution of Washington” a quantity of results at least 
of equal significance has appeared through other publications. 
While there can be no doubt that the making of accurate and 
clear record of all data secured is our first duty, and is the basis for 
future use of the results secured, it becomes increasingly important 
to obtain such statement of conclusions reached as will make them 
available in their simplest form, and in their clearest relationship 
to other knowledge, for use both of specialists in all fields of science 


and of the public. 
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The scientific literature of the world could easily become so tech- 
nical in its various departments that advantages of special re- 
searches would in large measure be lost to workers in other fields. 
Such a situation would not merely deprive the world in some de- 
gree of the benefits of specific researches, but it would prevent the 
investigator from obtaining for his own use data required from other 
fields. It has, therefore, been recognized as desirable that, in 
addition to precise records concerning special investigations, there 
be made available such data as will present the results in easily 
interpretable form to workers in other fields of science, as also 
to the public. 

Recognizing that efficiency of research must not be sacrificed 
by reason of attempt merely to popularize results, continuing study 
has been put upon the problem of how we can best bring contribu- 
tions from Institution activities into position where they may 
have the largest value to the scientific and general public. 

Carefully prepared releases, arising from accounts of researches 
furnished by the investigators, and appearing in form acceptable 
to the public press, have served as a means of extending clear state- 
ments regarding work in progress to many millions of persons. 
There is reason to believe that these statements serve as an im- 
portant medium for transmitting information regarding results 
obtained, both to the lay public and to the scientific world. 

One of the important responsibilities of the Institution has to 
do with making its completed work fully available to scholars and 
to the world. In educational institutions new knowledge receives 
relatively large and almost immediate use through contact with 
individuals early in life who are securing information and training. 
In a research institution new knowledge may be technically of 
record through publication and yet have relatively little applica- 
tion for a considerable period. Frequently the time elapsing after 
discovery, before it attains application, may be measured in decades 
or longer periods. The Institution is continuously aware of its 
responsibility in this field, and every effort is made to see that the 
results of work come into as full use as possible in all of the direc- 
tions in which the new knowledge is properly applicable. 

With the tendency of education to express itself more and more 
clearly through development of creative or inspirational aspects of 
thought, question is raised whether in a research institution en- 
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gaged in presenting the results of discoveries there is not offered 
one of the most interesting opportunities for education in a limited 
field. While the research institution does not attempt to cover the 
whole field, it may have a responsibility for telling a broadly 
significant story by use of that portion of the field which happens at 
a particular time to be especially useful. 

The exhibition of results coming from current research in the 
Institution as presented at the annual meetings furnishes one im- 
portant means for expressing to members of the Institution and 
to the public the trend of development in activities of the Institu- 
tion as a whole. On this occasion directors and investigators of 
the Institution examine and discuss results from research in all 
departments and divisions of the program. The attempt to make 
the exhibits represent outstanding attainments in study of the 
most important questions to which the departments are devoted 
means that there is opportunity for consideration of the basic 
problems of each group in relation to those of other departments, 
as well as to the work of other organizations. 

Such opportunity to see the simplest and clearest statement of 
results of research in all departments has been of much value 
through its influence in opening the way to significant cooperative 
relations. At this time of highly specialized science it is not only 
extremely important to carry each investigation to the uttermost 
attainable limit, but it is more and more desirable to know the 
extent to which information on a given subject may find its inter- 
pretation through organized knowledge in other fields. 

Provision has been made by the Institution for various types of 
insurance. An Insurance Fund established to cover property dam- 
age has increased to such an extent that annual interest upon it 
now almost equals the sum formerly appropriated for each year. 

The Institution has also made provision for annuity and life 
insurance for regular members of its staff through cooperation with 
the Teachers Insurance and Annuity Association of America. In 
order to provide adequate retiring allowances for members who 
were already advanced in age when the Annuity Plan of the Insti- 
tution was put into effect in 1919, a special Pension Fund was cre- 
ated from which supplementary annuities might be drawn under 
specific regulations. Payments from this fund are also made to 
cover contributions by the Institution toward premiums upon an- 
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nuity policies taken out by members of the Institution with the 
Teachers Insurance and Annuity Association. 

In the course of the past four years the Institution has had under 
consideration questions touching the desirability of protecting, for 
use of investigators and of the public, such patentable devices and 
equipment as may originate through researches undertaken by the 
staff of the Institution. The problem was brought forward by 
reason of need for considering protection to a simplified form of 
respiration apparatus invented by Dr. Benepict, Director of the 
Nutrition Laboratory, and Mrs. BENeEpicT, constructed for the 
purpose of measuring oxygen consumption in research on human 
metabolism. In May 1923, the Institution defined its position by 
resolution as follows: “*...it is the intention of the Carnegie In- 
stitution of Washington that any new and useful inventions or 
discoveries which may result from researches financed by the In- 
stitution shall be dedicated to public use and that for this purpose 
all patents thereupon should be taken out by, or for, or assigned to, 
the Institution.” The Institution by definition of its plan may 
not profit financially from such patents or from the licensing of 
manufacturers to produce instruments thus protected. 

The plan for protecting certain types of results of research in the 
interest of the public has advanced to the stage of full application 
through licensing of approved agencies to produce appliances which 
have been patented. In five departments of the Institution instru- 
ments of singular importance in the conduct of research have been 
developed, for which there has been general demand for protection 
by patent. The Institution’s program in this connection involves 
provision for carefully controlled production under license, after 
assignment of patent rights to the Institution, and after public 
declaration of the purpose and policy of the Institution in handling 
such inventions. 

A number of other research organizations are confronted with 
similar problems, and collateral studies are being undertaken which 
will give additional information regarding development of appro- 
priate methods of procedure in dealing with patents obtained in 
the conduct of research. 

The special activities of the Carnegie Institution may to best 
advantage be considered by outlining the types of problems and 
method of operation of certain of the larger groups of researches. 
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DEPARTMENT OF EMBRYOLOGY 


In December 1914 the establishment of a Department of Embry- 
ology was authorized by the Board of Trustees. The researches are 
conducted at the Johns Hopkins Medical School in Baltimore. 

When a program for the study of human development was 
visioned by the Trustees of Carnegie Institution, decision was 
made between a detached institution as against one associated with 
related activities already in existence. The wisdom of adoption of 
the latter policy becomes more and more evident as the years pass. 

Multiple contacts are not necessarily detrimental to the growth 
of an effective individuality; they, on the contrary, provide the 
opportunity for its unlimited development. This policy has made 
possible the establishment of close associations with other De- 
partments of Carnegie Institution and with various laboratories of 
the Johns Hopkins University and Medical School and particularly 
the Department of Anatomy. 

Similar relations have developed between the Department and 
embryological laboratories in other universities, making possible 
cooperative endeavours that could not otherwise be accomplished. 
Another type of contact arises from natural relation to the general 
medical profession. Each year about 600 embryological specimens 
are received for examination and diagnosis. By examining such 
a large number of specimens the staff has obtained experience and 
data that enable it to give expert opinion on such matters as the 
determination of age, sex, race, anomalous development, patholog- 
ical conditions and, to some extent, the cause of the abortion or 
defective condition when such occurs. 

In performing this service for the physician the Department in 
return receives valuable clinical information from him. Thus it 
has been learned that the abnormal specimen frequently reveals 
important facts regarding normal development, and of course it is 
only through the physician that the material on which human 
studies are based can be obtained. 

The chief researches of the Department are concerned with 
human embryology and center about its large collection of human 
embryos, now totaling over 8,000. This collection is unique in 
both magnitude and importance, and unceasing efforts are being 
made to increase it through the cooperation of the medical pro- 
fession. 
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Extensive study is being made of the external form of embryos 
under thirty millimeters in length with a view to dividing this 
period of development into stages and establishing a norm for each 
stage. 

As a supplement to this study, carefully planned measurements 
have been made of older fetuses and correlated with the weight of 
the body at the different weeks of fetal life. This makes it possible 
to determine with greater precision the age of an embryo and also 
serves to throw light on anatomical variations and racial differences 
in anatomy concerning which we have been heretofore almost 
wholly ignorant. 

The anatomy of the human embryo, our knowledge of which has 
hitherto been fragmentary, is now being systematically studied at 
its different stages of development as a routine activity of the 
Department. Considerable attention is also being directed to the 
pathological aspects of embryology and their bearing upon fertili- 
zation, teratology, and the causes of abortion and sterility. 

In addition to the work on human embryology, numerous inves- 
tigations on related subjects are in progress. Reports on cytolog- 
ical studies have already been published and others are under way 
which will form a groundwork for a better understanding of the 
histology of the embryo. Advantage has been taken of other em- 
bryonic forms, thus making possible the adoption of experimental 
procedures and observations upon living tissues. The introduction 
of the methods of tissue culture has resulted in notable progress in 
the field of experimental cytology. 

A colony of macaque monkeys has been installed for the purpose 
of extending embryological investigations into a primate form ap- 
proximating man as closely as is feasible in an experimental animal. 
Researches on these animals will concern both structural and 
functional development and will embrace the more fundamental 
aspects of the physiology of the developing nervous system, the 
necessary foundation for an understanding of the factors involved 
in primate behavior. 


DEPARTMENT OF GENETICS 


Research in biology was one of the first subjects to receive con- 
sideration from the Institution, and a plan for a station devoted to 
experimental evolution, submitted by Professor Cuartes B. 
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DAVENPORT, was approved in December 1903. Early in 1904 a 
tract of land of about nine acres, at Cold Spring Harbor, Long Is- 
land, N. Y., was leased for a term of fifty years; the erection of a 
main laboratory was soon begun and the station was formally 
opened June 11, 1904. 

In October 1910 Mrs. E. H. Harriman established the Eugenics 
Record Office at Cold Spring Harbor, purchased a farm of about 
eighty acres with buildings near the Station for Experimental 
Evolution and in 1913 erected a special office building. On Janu- 
ary 1, 1918, Mrs. Harriman transferred the office and farm to the 
Institution and provided an endowment fund of $300,000 toward 
its maintenance. 

The work in genetics comprises investigation of the laws of in- 
heritance in plants, animals and man; of variation in organisms; 
of the physiology of reproduction and development; the nature of 
sex and, in general, the factors of organic evolution. 

In experimental evolution the following investigations have been 
conducted: the germ-plasm, its architecture, its mutation, the inter- 
actions of the chromosomes; genetics of Datura (jimson weed) and 
flies (Drosophila and Sciara); the physiology of reproduction, 
growth and development with special reference to sex, its essential 
nature and its experimental control, and to the endocrine glands as 
controllers of development. 


NuTRITION LABORATORY 


The Nutrition Laboratory has been devoted to a group of ex- 
tremely difficult questions in which it is now possible to bring to 
bear an extraordinary technique, worked out with extreme care both 
theoretically and practically, for study of the energy developed by 
the human machine. An examination of the relation of the prob- 
lem to various activities within the Institution by the Director, 
Dr. Benepict, has brought out the fact that the same type of ques- 
tion has arisen in various forms in investigations by many depart- 
ments. 

Relation between the work of Dr. BENeEpicr and that in other 
divisions of the Institution has resulted in real benefit to the re- 
searches in all groups of cooperating investigators. Among the 
joint studies in this field are those of Dr. BENEpict and Dr. Ripp te, 
of the Department of Genetics, on relation of the thyroid to metab- 
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olism in study of development in the pigeon. Corresponding co- 
operative arrangements have been made on study of enzymes, with 
Dr. H. C. SHERMAN, Research Associate of the Institution at 
Columbia University, and with Dr. L. B. Menpe1, of Yale Uni- 
versity, in researches on changes in growth of the rat produced by 
variation of food. Similar investigations have also been considered 
by Dr. BENEpicrT in cooperation with the Carnegie Foundation on 
problems concerning physiology of exercise in studies of athletics, 
and with the Division of Early American History in study of 
metabolism in various peoples. 

As illustration of the extent to which cooperative arrangements 
may be developed, Dr. BENneEpict has recently made arrangement 
with the Department of Terrestrial Magnetism through which 
members of that staff have been trained to make tests of metab- 
olism of peoples in the various countries in which stations of the 
Department of Terrestrial Magnetism are located, and in regions 
where the ship Carnegie will touch in the course of the three-year 
cruise upon which it has recently entered. 


Division or PLant BIoLocy 


The many important activities in the field of the plant sciences 
have been brought together as a Division of Plant Biology. It was 
not the intention through setting up of the present organization to 
extend the work of the Institution so as to cover the whole of 
plant biology. It was rather the purpose to obtain a somewhat 
better visualization of the field, and of the opportunities for effective 
cooperation among the interests concerned. “The grouping is de- 
signed to give opportunity for maximum unity in operation of the 
diverse interests involved, and at the same time to increase the 
possibilities of effective work for each group. 

The division is composed of the following sections: photosyn- 
thesis, physiology and plant growth, desert laboratory studies, 
plant ecology, taxonomic relations, and paleobotany. Each sec- 
tion is under guidance of a leading investigator. Through coopera- 
tion of Stanford University a lease for five acres of land has been 
obtained on the campus of the University. A new laboratory is to 
serve as headquarters for the Division, and for conduct of researches 
in photosynthesis, taxonomic and ecologic problems, and other 
subjects. 
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The groups of researches within the Division will operate at the 
localities at which the work can be conducted to best advantage. 
So, the Desert Laboratory at Tucson, Arizona, will continue as the 
point at which investigations most effectively conducted under 
arid conditions can be carried on with advantageous laboratory 
facilities, and with utilization of a diversified ““campus” covering 
approximately 800 acres of extremely interesting desert country 
remaining completely protected under primitive conditions. 

At the laboratories in Carmel, California, the program of re- 
searches on the physiology of tree growth, which has made signifi- 
cant contribution toward interpretation of the structure and physi- 
ological processes of the tree, is being extended under direction of 
Dr. D. T. MacDoveat. 

Intimate relation of the sections of the Division to each other 
will make possible in increased measure the utilization of the highest 
technique of each of the groups for solution of problems of the 
whole Division. 

In organization of this Division, there has been developed also a 
closer relation between investigators in the fields represented and 
those in other departments of the Institution. Especially is this 
true in relation to the Department of Genetics. It thus becomes 
possible to develop an intensified program of plant research involv- 
ing the present Division of Plant Biology, the plant geneticists of 
the Department of Genetics, and associated investigators who 
through their researches in genetics are already cooperating with 
the Division. 


Tortrucas LABORATORY 


The biological station, established by Dr. ALtrrep G. Mayor 
on the Dry Tortugas keys seventy-five miles west of Key West, 
was occupied as a point of exceptional interest, at which wnigraeal 
fauna and flora could be found in a region bordering the Gulf 
Stream. 

Until his death in 1922 Dr. Mayor was indefatigable in planning 
the work, in securing and organizing the facilities, and in pursuing 
his own researches, notable among which is his study of the Jjelly- 
fish of the world. 


Eloquent testimony to his inspiring leadership is found in the 
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hundreds of short monographic studies made and published during 
his lifetime and in the more extensive investigations, continuing 
over many years, such as that of VauGHAN, on the geology and 
paleontology of the West Indies; TENNENT, on the normal growth 
of sea urchins, their development from egg fragments and their 
hybridization; SCHAEFFER, on marine amoebas; and LoNGLEy, 
on the coloration of fishes. 

At the time of the death of Dr. Mayor, many problems of inter- 
est were being studied intensively, and work has been continued 
along the lines then laid down. The program of studies set up by 
Dr. Mayor rested fundamentally upon his personal influence. 
The group of investigators was stimulated by his enthusiasm and 
guided by his exceptional vision. When Dr. Mayor’s work ended 
there was clearly question whether at such a remote locality it 
would be advisable to continue these activities beyond the steps 
needed in carrying to completion specific researches under way. 

With the cooperation of the investigators already concerned with 
special problems at the Tortugas Station, and with assistance of 
Dr. W. H. Lonctey, as Executive Officer, there was put in opera- 
tion a plan for utilization of the station for the purposes defined 
by Dr. Mayor, plus the opening of opportunity for use of these 
advantages by investigators of the Institution or cooperating agen- 
cies when there are problems which can be considered to better 
advantage at Tortugas than at any other locality. On this basis 
the Institution has been able to assist a group of researchers es- 
pecially desirous of utilizing the advantages of this location. The 
result has been gradually increasing development of important 
investigations, until today the station has reached its full capacity. 


GEOPHYSICAL LABORATORY 


One of the first projects suggested to Carnegie Institution, upon 
its organization in 1902, was that of the study of the causes which 
bring about movements and warpings in the earth’s crust. A 
distinguished group of scientists, commissioned to advise the In- 
stitution, spent four years in considering the general direction which 
this research should take and the manner of its pursuit. 

This committee reported that geological studies of the rock record 
of the earth’s past, heretofore made, had been directed chiefly to 
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reading and mapping the record, but that the record needed to be 
interpreted on broader and deeper lines based on more profound 
knowledge of physical laws. 

The committee also suggested that bound up with such a study 
there was a group of intricate questions of a chemical and chemico- 
physical nature such as the flow of rocks, the origin and destruction 
of minerals, the function of water and gases included in minerals, 
the origin of iron deposits and the effects of temperatures, pressure, 
and tension upon chemical changes in rocks. 

The committee also pointed out that questions relating to the 
earth’s outer part were inseparably connected with those relating 
to the earth’s interior involving, in consequence, the most extreme 
and the least understood conditions, knowledge of which could be 
gained only through laboratory experimentation. 

Further consideration brought out even more emphatically that a 
laboratory was needed where carefully controlled experiments could 
be conducted on a large scale. A report, as formulated at the time, 
asserted that geologists want information upon all the phenomena 
connected with the transformation of liquid rock into crystallized 
rock and of crystallized rock back into a molten state. 

These investigations of the needs of geophysical research made 
more than twenty years ago coupled with specific recommenda- 
tions offered at the time led directly to the building and equipping 
of the present laboratory which was opened on June 7, 1907. 

Continuously for twenty years work has gone forward along the 
lines originally suggested. Six hundred and sixty-nine published 
papers and monographs record the results of the investigations of a 
staff of specialists now numbering twenty-four. 

The investigations undertaken have included a considerable num- 
ber of silicate solutions, corresponding to particular groups of rock- 
forming minerals, including some in which water and carbon dioxide 
have been associated. 

The type minerals made in the laboratory are purer than those 
found in nature, a fact which gives a certain degree of finality to 
studies of their relations when compared with earlier studies of 
natural minerals, which in many cases it was necessary to repeat 
whenever more typical specimens were discovered. It has also 
proved practicable to develop a complete system of methods for 
identifying mineral crystals of very small size, such as are usually 
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obtained in the Laboratory where the time available for crystal 
growth is so much shorter than the period of growth in nature. 

Investigations have also been made of the quantity of heat 
involved in mineral reactions and in the change of state from liquid 
to solid, in which the precision obtained is entirely comparable with 
that usual in like investigations of salts at ordinary temperatures; 
also in the study of solutions it has proved possible to show the 
manner of separation in magmas through differences of density 
between the minerals first to crystallize and the remaining magma. 

It is proposed to pursue this subject rather extensively, with 
correlative studies of natural occurrences. It has even proved 
practicable to approach certain active volcanoes and to make col- 
lections of the gases set free there, and so to obtain a clue to the 
reactions between these gases, the amount of heat developed 
thereby, and the possibility of accounting for the maintenance of 
volcanic vents through the release of this heat. 

Studies of atomic structure in crystals have been undertaken very 
recently in order to obtain for mineralogy information about the 
intimate structure of the forms of matter with which it deals, com- 
parable with like determinations in modern molecular physics. 

The study of compressibilities of rocks and minerals has been 
attempted, and in general the effect of pressure upon all the prob- 
lems of mineral and rock formation, so far as this can be done 
with means now available, and many other researches related to 
these have likewise been successfully undertaken. 


SEISMOLOGICAL RESEARCH 


Working independently, but in close cooperation with the Car- 
negie Institution, many agencies, including the United States Coast 
and Geodetic Survey, the United States Geological Survey, Uni- 
versity of California, Stanford University, and California Institute 
of Technology have moved in recent years to organize new activi- 
ties in seismological research. There can be no doubt that recent 
marked progress in seismological investigation is only the beginning 
of a great advance in this field. It will lead both to outstanding 
scientific contributions, and to means of avoiding such dangers as 
may have menaced life, property, and the comfort of living in 
parts of the earth involved in present processes of crustal move- 
ment. 
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The central station for research in this field has been located in 
Pasadena, California, where extremely favourable arrangements 
for cooperation have been established. California Institute has 
added to its equipment a building for seismological research situated 
on a site especially adapted for such investigations. Plans have 
been worked out with great care, in order to meet as fully as pos- 
sible the needs of fundamental research and effective educational 
work in this field. This building is occupied by Carnegie Institu- 
tion in carrying forward its seismological investigations in coopera- 
tion with California Institute. The City of Riverside has entered 
into an agreement with Carnegie Institution through which it 
furnishes site and building for a seismological station and covers 
fixed charges of operation. Carnegie Institution is to utilize this 
station for conduct of seismological studies, involving general inves- 
tigation of earthquake problems. Other cooperative arrangements 
have been made with the Santa Barbara Museum, which has con- 
structed most favourable quarters for location of instruments and 
cooperates in furtherance of the investigation. 


DEPARTMENT OF ITERRESTRIAL MAGNETISM 


The Department of Terrestrial Magnetism was formally estab- 
lished in 1904 under the auspices of the Institution in general 
accordance with a plan for an “International Magnetic Bureau,” 
submitted by Dr. Louis A. BavER in 1902. This plan had received 
the support of leading investigators in terrestrial magnetism and 
atmospheric electricity, at home and abroad. The purpose of the 
proposed bureau was “‘to investigate such problems of worldwide 
interest as relate to the magnetic and electric conditions of the 
earth and its atmosphere, not specifically the subject of inquiry of 
any one country, but of international concern and benefit.” 

The following were designated as some of the chief problems which 
might be undertaken: A magnetic survey of ocean areas and un- 
explored regions; international observations of the manifold varia- 
tions in the magnetic and electric conditions of the earth, inclusive 
of its atmosphere; and observations pertaining to terrestrial mag- 
netism and terrestrial electricity in ocean depths and atmospheric 
regions. 

In the plan of the bureau, reference was made also to other prob- 
lems, such as the correlation of local and regional disturbances of 
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the magnetic needle with geological and physiographic features, and 
the correlation of magnetic and electric disturbances with solar and 
allied phenomena. 

The first project of consequence to be undertaken was that of the 
making of a general magnetic survey of the earth, especially of 
ocean areas. 

It was decided first to make a magnetic survey of the Pacific 
Ocean, as, for that ocean particularly, magnetic data (compass 
direction, dip of the magnetic needle and strength of the earth’s 
magnetic field) were required for the correction of magnetic charts 
then in use by mariners and by investigators for their studies. 
Excepting data obtained on the voyage of the Challenger (1872-76), 
the North Pacific Ocean in 1905 was nearly a blank as regards 
magnetic observations. 

Accordingly, from August 1905 to May 1908, cruises were made 
in the Pacific Ocean with the brigantine Galilee. The vessel cov- 
ered an aggregate of 63,834 nautical miles, or 73,511 statute miles, 
completely crossing the Pacific a number of times from the Ameri- 
can to the Asiatic Continent and from Alaska to New Zealand. 

The success of the work of the Galilee and the importance of the 
errors disclosed in ocean magnetic charts led the Institution to 
authorize the construction of a non-magnetic ship, the Carnegie, 
specially designed for magnetic work in all the oceans. This vessel 
was launched at Brooklyn, New York, June 12, 1909. 

Six cruises have been completed in furtherance of original plans. 
The data resulting from these cruises include declination observa- 
tions at 3,316 points, both inclination and horizontal-intensity 
observations at 2,147 points, and atmospheric-electric observations 
on 1,594 days, with extended series to determine diurnal varia- 
tions on 85 days. 

The sailing of the ship Carnegie from Washington on May 1, 
1928, initiated the seventh cruise of this extremely interesting ves- 
sel, devoted primarily to observations on magnetic and electric 
variations but now extending its work more widely to reach cor- 
related aspects of physical oceanography. ‘The activities, in addi- 
tion to those in terrestrial magnetism and atmospheric electricity, 
will range through physical studies of the atmosphere, chemical 
analysis of sea-water, deep dredging for physical and biological 
purposes, and mapping of the sea floor. 
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The observational work of the Carnegie is correlated with an ex- 
tremely careful program of researches centering upon the general 
problem of the earth as a magnet. 

The work of the Department of Terrestrial Magnetism as ex- 
pressed in the voyage of the Carnegie is only one phase of the ob- 
servational program having to do with collection of data in study 
of physical problems of the earth. 

The accessible land surface of the earth, as well as that of its 
oceans, must be included in the general survey to map completely 
its magnetic field and to supply material for disclosing the character 
and significance of the continuous change in the subtle forces con- 
cerned. Accordingly, in the twenty-two years from 1905 to 1926, 
about 150 magnetic exploratory expeditions have been sent out to 
remote and little-known regions and to countries in which either 
there were no established organizations for magnetic work or in 
which the existing agencies could not undertake the desired work 
and welcomed the cooperation of the Department. 

At two permanent observation stations on approximately oppo- 
site sides of the earth—one high in the Andes at Huancayo, Peru, 
the other at Watheroo in Southwestern Australia—there are being 
conducted experiments of unique interest directed toward investi- 
gation of the natural electric currents flowing in the earth, and of 
their relation to phenomena of the earth’s magnetic changes. 

As much as may be learned by these methods, it is clear that the 
ultimate problem of the Department can be solved only when these 
researches are related to fundamental investigation of the structure 
and magnetic properties of matter. To this end there is under 
way a series of intimate laboratory studies of magnetic phenom- 
ena. These investigations are directed most intensively at the 
present time to consideration of certain aspects of atomic physics. 
Special effort has been made to approach the problem by paths 
somewhat different from those heretofore followed. The laboratory 
investigations are conducted in correlation with researches under- 
taken by many other institutions, and in collaboration with a 
number of associates representing other scientific agencies of this 
country and Europe. 

The Department has been active in developing cooperative work 
with other divisions of the Institution and with related agencies. 
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Especially significant have been the investigations set up jointly 
by the Geophysical Laboratory and the Department of Terrestrial 
Magnetism on influence of high pressure and high temperature upon 
magnetic properties of materials in the interior of the earth, and 
those conducted in cooperation with Mount Wilson Observatory in 
study of the relation between magnetic phenomena of the sun 
and variations in the magnetic and electric conditions on the earth. 


Mount WILSon OBSERVATORY 


The Mount Wilson Observatory was established in 1904, after a 
careful test of atmospheric conditions at various promising points 
in California, Arizona, and Australia. The site selected is on the 
summit of Mount Wilson, in Southern California, 5,714 feet above 
sea-level. 

The laboratories, instrument, and optical shops, and the offices 
for the measurement and reduction of astronomical and physical 
photographs and for other activities not requiring the favorable 
atmospheric conditions of the mountain station are situated in 
Pasadena. From this point the summit of Mount Wilson, about 
fourteen miles distant, may be reached in two hours by automobile. 

The purpose of the Observatory is to study the structure of the 
universe and the evolution of celestial bodies. The observational 
program comprises series of closely related investigations, chosen 
so as to aid in interpreting one another and all directed toward a 
common objective. The underlying scheme is based upon an in- 
tensive study of the sun, the only star near enough to the earth to 
be examined in detail. 

Three telescopes are provided on Mount Wilson for solar obser- 
vations: The Snow horizontal telescope, the 60-foot vertical tower 
telescope, and the 150-foot tower telescope. These three telescopes 
are used regularly for photographing the sun’s surface and its 
atmosphere, and for investigation of the solar vortices and magnetic 
fields connected with sun-spots, the general magnetic field of the 
sun, the law of the sun’s rotation, the displacement of solar lines 
and their bearing on the Ernstern theory of relativity, etc. The 
results thus obtained have been of great service in the initiation 
and interpretation of researches on stars and nebulee. 

Three other telescopes, each with equatorial mounting and pro- 
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vided with special accessories, are employed for the night observa- 
tions. One of these is a 10-inch Cooke photographic refractor, of 
45 inches focal length, permitting large areas of the heavens to be 
photographed on a single plate. The others are reflectors of 60 
inches and 100 inches aperture. 

The great light-collecting power of the 100-inch telescope permits 
the faintest known stars to be photographed directly on the sensi- 
tive plate and makes it possible to study a large number of objects 
with the aid of spectrographs of high or low dispersion. This tele- 
scope is also especially adapted to the photography and spectro- 
scopic examination of nebulze, whose minute details of structure are 
beautifully revealed by its large-scale images. 

These telescopes, in use throughout every clear night, are also 
employed for the photographic measurement of the trigonometric 
parallaxes of stars and nebulz, the determination of stellar motions 
in the line of sight, the measurement of the distances and intrinsic 
brightness of stars by means of the spectroscope, the determination 
of stellar magnitudes, the investigation of starclusters, the scale 
of the stellar universe, the detection of changes in nebule and the 
measurement of their distance, and a great variety of other studies. 

Special attention is given by the Observatory to the invention 
and use of new instruments and methods and the application in 
astronomy of devices previously employed only in other branches of 
science. A notable illustration is the recent successful application 
of Michelson’s interferometer to the measurement of the diam- 
eters of several stars, some of which have been found to exceed 
200,000,000 miles. 

Another cardinal principle in the policy of the Observatory is the 
imitation and interpretation of celestial phenomena by means of 
laboratory experiments. The physical laboratory in Pasadena is 
especially well equipped for such research. 

The completion of two extensive and important investigations 
which have been in progress during a considerable portion of the 
life of the Observatory has been one of the noteworthy results of the 
past year (1928). The first of these is the Revision of Rowland’s 
Table of Solar Spectrum Wave-lengths. With the publication of this 
valuable collection of material the astronomer or physicist will have 
at his command an accurate system of wave-lengths for about 
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22,000 lines in the solar spectrum, together with a great amount of 
data relating to the classification of these lines according to tem- 
perature, pressure, and excitation and ionization potentials, which 
recent advances in physical theory have made possible. 

The Revised Table also includes an extension of Rowland’s Table 
to longer wave-lengths, a comparison of the intensities of lines in 
sun and sun-spots, and a complete revision of all identifications, 
which has added very greatly to the number of lines of elements 
recognized as present in the sun. In the course of this work the 
presence of six elements not known previously in the sun’s atmos- 
phere has been satisfactorily established. 

The second investigation is the Mount Wilson Catalogue of Stars 
in the Selected Areas, now completed. This brings to a close a 
series of related investigations which began in 1909. The catalogue 
includes measures of brightness of about 68,000 faint stars in sample 
regions distributed uniformly over the sky. The resulting magni- 
tudes serve the two-fold purpose of providing standards for the 
measurement of the brightness of stars in neighboring regions, and 
material for a new discussion of the distribution of stars. This 
discussion, which bears directly on the structure of our system of 
stars and the position of the sun within it, has also been completed. 


DEPARTMENT OF MERIDIAN ASTROMETRY 


The Department of Meridian Astrometry was established for the 
purpose of preparing a general catalogue of positions and motions 
of stars out to the seventh magnitude. This work, established in 
March 1907, is rapidly approaching completion. Publication of 
the San Luis Catalogue, just issued, marks one of the first divisions 
of the work to be finished. 

This catalogue contains the positions of 15,333 stars, mostly 
situated in the southern hemisphere; all the southern stars to the 
seventh magnitude, together with many fainter ones, are included. 
It represents the completion of the first step toward the fulfilment 
of a larger plan, the formation of a General Catalogue of positions 
and motions of over 30,000 stars from pole to pole. 

The contribution made by this study is of great significance in 
many fields of astronomy, giving as it does the most precise deter- 
mination of position of a multitude of stars. In the results of this 
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work lie important data needed in consideration of movements of 
the stars, and giving certain phases of information required in 
forming estimate of the true nature of our own star system. 

The supplement to the San Luis Catalogue, the Albany Catalogue 
which includes a similar list of stars principally located in the north- 
ern hemisphere, is well on its way toward completion, and work on 
the General Catalogue is in progress. 

The magnitude of the task in this department is indicated in the 
statement that preparation of the catalogues has occupied a con- 
siderable staff for twenty-one years. During this period approxi- 
mately $708,500 has been expended for the work. 

Following completion of the investigations in this project, it is 
desired to present along with the General Catalogue a summary of 
collateral results attained during the course of these studies. 


Earty AMERICAN History 


The specific investigations undertaken by the Institution in Ameri- 
can archeology have involved on the one hand intensive detailed 
investigation of materials and, on the other hand, an effort to bring 
the results secured into relation to the larger body of information 
representing movement of events in early history of this hemi- 
sphere. These studies have been undertaken with the hope that 
through them there might be derived some suggestion of laws which 
have governed in development of the varying types of peoples and 
cultures in America. 

There has been need of opportunity for interpretation of ma- 
terials obtained through our own studies in the light of outstanding 
investigations on the American problem in other regions. For the 
purpose of better definition of program, both in the sense of more 
intensive study of detail and with a view to obtaining the broadest 
understanding of our results, attempt has been made to restate our 
plans with expectation that this action will give a relatively large 
return for an equivalent effort. 

Ample justification for adherence to the fundamental plan of the 
Institution in furtherance of historical studies in Middle America 
is given in the results of work in recent years at Chichen Itza, 
Yucatan. These researches bring out much new material bearing 
upon the life, culture and art of the Maya people. The data se- 
cured give added strength to the view that early Americans made 
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a cultural contribution which will be of value to the world as a 
whole, and of which the aboriginal peoples of America may justly 
be proud. 

In connection with the plans for continuing study on problems of 
Middle American civilization, it is planned to carry forward a 
program involving not merely architecture and art, but comprising 
as well a careful examination of the development of this civilization 
in relation to its environment. To this end it is important that 
studies be made ranging from the general geology, ethno-botany, 
and ethno-zoology of the region up to and including the story of 
those specific difficulties which have beset the human group as 
expressed in what may be called its medical history. Through this 
consideration of the record of human development we may expect 
to relate the history of the Maya people to problems of the present 
day, in such manner that the historical evidence will contribute 
directly toward interpretation of questions of the present and 
future. 

In furtherance of the projects concerning Middle American 
history, it has also been considered important to keep continuously 
in view the relation of questions touching origin and development 
of the Maya people to those broad and fundamental problems 
which have to do with history of the earliest civilizations of Central 
America, Mexico, and southwestern regions of the United States. 
To this end the basic studies already far advanced by Dr. A. V. 
Kipper and Mr. Eart Morais are being continued, as a part of 
the background against which research on early relationships and 
origins of Middle American peoples must of necessity be projected. 
The plan, as now worked out, represents one of the most interesting 
researches in the wider aspects of history that has been developed 
in America. 


DEPARTMENT OF HisTorIcAL RESEARCH 


In February 1903 the Institution, upon suggestions received from 
the American Historical Association and from its own advisory 
committee on history, organized a Bureau of Historical Research, 
under the directorship of Professor ANDREW C. McLaucuuin. 
Professor McLaucuHtin continued his services as Director until 
October 1, 1905, when he resigned and was succeeded by Professor 
J. Frankiin Jameson. At the same time.the present designation 
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of the Department was adopted. Dr. Jameson resigned in July 
1928 to accept the chair of American history at the Library of 
Congress. 

This Department is chiefly occupied with the preparation of pub- 
lications intended to assist investigators in American history. It 
has issued reports on materials for American history, aids to their 
use, and guides to the important collections for which no adequate 
guides have previously been published. In addition to work in 
American archives, a large part of the studies of the Department 
has consisted of exploring and cataloguing the copious materials for 
United States history contained in foreign archives. In addition 
to these guides to sources, the Department is also preparing several 
series of volumes of important material for American history, such 
as the Proceedings and Debates of the British Parliaments Re- 
specting North America (to the year 1783), Letters of Members of 
the Continental Congress respecting its transactions, European 
treaties having a bearing on American history, materials for the 
history of negro slavery in America, a collection of the correspond- 
ence of ANDREW Jackson, and an Atlas of the Historical Geography 
of the United States. 


The organization of opportunities in research for the specific 
purpose of advancing knowledge will represent one of the great 
responsibilities of the future. The experiment of the research 
institution effectively organized, and in proper touch with the com- 
munity, will be one of the most interesting in the field of construc- 
tive agencies. There is no activity for which one could predict a 
larger return for effort in later generations. With the multiplying 
problems of the world, the future of mankind with reference to its 
resources, its organization, and its active interests will depend in 
considerable measure upon our ability to bring forth new informa- 
tion through investigation and to apply this knowledge for hu- 
man use. 


OPENING THE AUDITORIUM AND EXHIBITS 
BUILDING OF THE MOUNT WILSON 
OBSERVATORY 


PART I. INTERPRETING THE RESULTS OF RESEARCH 


The new auditorium and exhibits building, erected at the site of the Observa- 
tory on the summit of Mount Wilson, near Pasadena, California, was formally 
dedicated on the evening of June 14, 1937. Guests were invited to inspect the 
exhibits during the early evening, later they convened in the auditorium where 
they were addressed by Dr. John C. Merriam, President of Carnegie Institution, 
and Dr. Walter S. Adams, Director of Mount Wilson Observatory. Upon con- 
clusion of the addresses opportunity was given to visit the 60-inch and 100-inch 
telescopes, both of which are located nearby, and to witness a demonstration 
of the way in which these great instruments are used by astronomers. 

Erection of a building suitable for lectures on the work of the Observatory 
and for permanent exhibits illustrating results obtained came in response to the 
great increase in the number of visitors who wished to learn about the opera- 
tions, methods, and discoveries of an astronomical observatory. The building 
is also a response to the policy of Carnegie Institution which seeks in all of its 
activities to give the public a clear understanding of what scientific research is 
accomplishing.—Epiror. 


research from Mount Wilson Observatory by means of an 

auditorium and an exhibit room will raise many kinds of 
questions, depending upon the person interested. Some will inquire 
immediately: Why research? Is it a necessity, or only a luxury, or 
a plaything? Others, who may recognize the value of research, will 
inquire regarding interpretation of the results. In order that what 
I say may connect the principal aspects of this story, it is perhaps 
worth while to devote at least a few words to the significance of 
research itself. 


[ieee of a program involving interpretation of results of 


IMPORTANCE OF RESEARCH 


In many conversations on this subject, such as one might expect 
to develop at Washington in a period like the past four or five years, 
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the answer has been given through suggestion that if the country 
needs to investigate its resources in order to guarantee the future, 
it is important to realize that one of the things upon which we are 
most dependent is organized knowledge in the form of science. 

The movement which we call conservation is devoted largely to 
protection and to definition of the best use for materials which have 
been the foundation of our prosperity. It is quite clear that we 
shall not be able to increase the amount of many substances except- 
ing perhaps by highly specialized applications of scientific knowl- 
edge. It is true that we may develop materials which can be sub- 
stituted for coal or oil, but there will be difficulty in extending the 
available quantity of iron. Most of present-day conservation con- 
sists of intensified application of many interrelated aspects of 
science. Such is the case in the widely discussed program of soil 
conservation or efforts to prevent the possibility of disastrous 
results from floods. 

Quite naturally in the course of this discussion the question arises 
whether the knowledge which we apply in conservation or 1n indus- 
tries, or in various aspects of advanced phases of business is in 
itself an extensible thing. May it be that this resource can be 
greatly and effectively enlarged? ‘This is a point at which research 
becomes important. Jor it is itself an effort to advance knowledge 
in all its phases by intensive study and better organization, and 
ultimately through consideration of better means for application. 


DEVELOPMENT OF NEw KNOWLEDGE 


I remember well in war time a group of leading American scien- 
tific men in Washington discussing often the future of this and other 
countries, recognizing as they did the ultimate blighting effects of 
the world war. The comment which they made most frequently 
was to the effect that. the future of America depends more largely 
upon the development of new knowledge, and its better organiza- 
tion, than upon conservation of resources as that activity had been 
understood commonly. 

Having spent a considerable part of my life in advancing studies 
on the history of life, I have been thoroughly saturated with the 
idea that evolution, or the principle of continuing growth and de- 
velopment, constitutes one of the most important truths obtained 


from all knowledge. I look upon the idea that life through past 
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ages has continued to develop as presenting to us the hope that 
such development and opportunity may continue. And at this 
particular stage in the history of the world, when we see the re- 
sources upon which we have depended in our own country quite 
distinctly blocked out or appropriated, it is important to realize that 
the greatest possibilities for future growth seem quite definitely to 
lie in that development of new knowledge which we commonly 
characterize as research. 


CREATIVE AcTIvVITY THROUGH RESEARCH 


I find further interesting elements in this view of research, as it 
means in some measure the shifting of responsibility for the future 
of resources in general to man himself. Endowed as we are with 
intelligence, we have opportunity to bring into play creative 
activities made possible by the combination of characteristics 
which the evolutionary process has given to man. And I believe 
that, other things equal, we would prefer to have opportunity for 
developing this creative activity through research in the advance- 
ment or evolution of mankind, rather than merely to be carried 
along by the current, without having some part in the betterment 
of our situation. 

Some of my friends believe that, while mankind has initiative and 
creative ability, he may lack the capacity for restraint which is 
needed in use of these great powers, and that he may break under 
the strain of this effort. Such a point of view seems to have main- 
tained itself through the ages. Perhaps we see it in the story of 
man in the Garden of Eden, who ate the forbidden fruit from the 
Tree of Knowledge and was put out of the garden. Man was said 
to be driven from the garden lest he learn too much. It would 
seem that he was banished in order that he might become master 
of himself. From what we learn in history it would appear that 
the experience of mankind might well teach him the value of his 
strength, and that he may be trusted with the use of his initiative 
and creative ability. 

Concerning the possibility that research is a luxury or a play- 
thing, one must admit that even things of value are sometimes used 
as playthings and function as luxuries. But I am inclined to look 
seriously upon the possibilities of research, and to consider it one 
of the elements indispensable to present and future civilization. 


View of the auditorium and exhibits building, erected in response to effort by Carnegie 
Institution to interpret the results obtained in its investigations. The building is designed 
for illustrated lectures and to house a permanent exhibit. It is located on the summit of 
Mount Wilson, within a short walk of the 60-inch telescope which is reserved one evening 


each week for use in demonstrating to visitors how astronomers employ such instruments, 
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The auditorium, seating 272, taken during the regular weekly lecture. For many years 
it has been the custom for one of the members of the Observatory staff to give a general 
lecture every Friday evening preceding the demonstration at the 60-inch telescope. 
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Models in the exhibit room showing relative size of the sun and planets. Reading from 
left to right—Pluto, Neptune, Uranus, Saturn with its rings, Jupiter, Mars, Earth, Venus, 
Mercury. ‘The size of the sun on the same scale 1s indicated by the incomplete circle on the 
framework above the models. 


Visitors at the 60-inch telescope on a regular Friday evening demonstration. During 
1936 about 10,000 persons used this telescope for observation on the weekly nights when 


it was placed at their disposal. It is much better adapted for such general use than the 
100-inch. 
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CONTRIBUTION OF RESEARCH 


Concerning the question, ‘““Why interpret research?’ one may 
reply that activities of this nature contribute in large degree to 
advance of several types of human activities which are clearly 
fundamental in any classification. First of all, research contributes 
in a vast number of ways to practically all human activities in in- 
dustry, business, agriculture, and in other directions which have to 
do with the making of a living or the maintenance of life through the 
furnishing of food, raiment, and all those things which go to main- 
taining a balance in living. 

As a second point of importance, research contributes in very 
large measure to those opportunities for advance in the activities of 
the world which are made possible through the introduction of new 
ideas and new materials. This phase of human life perhaps seems 
less important than the maintenance of life, but from other angles 
of vision it may seem that life is doubtfully worth living if it does 
not offer opportunity for growth, development, advance, progress. 
And to this phase of living the contribution of research 1s large. 

In still another point of view science contributes very largely to 
the building of basic philosophies and beliefs which invariably func- 
tion in the picturing of relations between various types of facts and 
different aspects of organized knowledge. This broad vision of the 
world, with what is in it, is characteristic of the highest aspects of 
science and research. 

And, finally, research and its forms of expression in science fur- 
nish much of importance in securing such an understanding of the 
world as is essential in our efforts to derive enjoyment from apprecta- 
tion of the multitudes of things about us. 


INTERPRETING RESEARCH RESULTS 


Now the connection between the intensive study of the world and 
what is in it by way of research and the various types of influence 
to which I have just referred as flowing out of research is one which 
appears important once it is explained. But the explanation of 
these relations does not arise immediately from the complicated 
formule which are the shorthand forms of expression needed in 
the work of the scientist. It therefore becomes important that the 
various classes of people who from different points of view see the 
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values of research in maintaining and developing life, in the phi- 
losophies of life, or in the modes of appreciation of life, should have 
opportunity to know what the realities of science actually are, and 
to know the type of picture which these realities present in terms of 
human interest. If science and research are to help in development 
of civilization, it is important that the world have means of visu- 
alizing the materials which research discovers or creates. 

Interpretation of research results will naturally and properly be 
developed in a multitude of ways. Some will be purely descriptive. 
Some will bring about personal contact with great realities. And 
some will present realities in action. 

The press, as represented by the daily papers, magazines, special 
articles and books, must be expected to transmit what may be 
called a picture of research as it advances. Great progress has been 
made in every aspect of this activity, and the daily papers carry an 
amount of information in excellent form which would in past 
decades have seemed out of the question. Magazine articles and 
books in great number give us both characterization of specific 
things and discussion of generalizations regarding the results of 
investigation. But we are today more than ever greatly concerned 
about the enormous difficulty of presenting an accurate, scientific, 
artistic, philosophic, and humanly intelligible description of ad- 
vances in science and research. 

In the course of history but few men have had the ability, first 
to see and second to picture with true artistic value what is en- 
countered. ‘The reporter who merely attempts to select and men- 
tion what the essential elements are in a great scientific discovery 
finds himself faced with difficulty in determining what is basic, and, 
furthermore, in developing the talent required for presentation of a 
picture which will be human literature of a high type. 

There is needed today, perhaps as much as in any other field 
touching science, the appearance of those who know accurately and 
who can picture what is seen in an effective way. This is a re- 
sponsibility of the scientist as well as of the reporter. 


THe Museum, A Means or INTERPRETATION 


In presentation of great realities we find the museum in various 
types of institutions, and especially those arising out of the indus- 
tries, making available to the public actualities, either static or in 
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action, producing an imprint as important as any mere description 
can ever be. The educational institutions naturally use these 
means of presentation in extremely effective ways. 

Question arises as to the responsibility of research institutions 
which are set up for the purpose of advancing knowledge, to inter- 
pret that which they discover. Or, shall we assume that the results 
of great scientific discoveries are to be interpreted only by those who 
have obtained their knowledge second hand? 

Presumably both methods will be used, but it would seem un- 
fortunate if those who know best and who see most clearly and who 
feel most deeply the real scientific discoveries do not help in various 
ways to make the deep imprint upon human thinking which should 
naturally come from their interpretation. 

A research agency such as the Carnegie Institution of Washington 
is continually in contact with great realities which have been almost 
entirely hidden from the eyes of the public, and even from deeply 
interested scientists in other fields. The question had arisen with 
us whether it is not a responsibility to try to present in some 
measure an opportunity for contact both with the exceptional 
realities which we are privileged to see, and with the great ideas 
which naturally flow from study of these subjects. 

It is not, of course, possible to make available to every interested 
person all of the deeper wonders, but it may be feasible to show 
enough to give some appreciation of what the field of research 
means. It may also be possible to give opportunity for inspection 
of the kind of mechanisms used in securing the data constituting 
the results of research. 


THE AUDITORIUM AND EXHIBITS BUILDING 


The building in which we are situated this evening is one door 
by which an interested public may pass to a large telescope such as 
the 60-inch, to view, as it were eye-to-eye, some of the great features 
of the heavens; or to make acquaintance with the operation of ma- 
chinery of a type not easily appreciated without opportunity to 
see it in reality. 

What is done here is also the opening of a further door, through 
the exhibit room, upon the descriptive and pictorial materials which 
arise from this institution and spread widely through the press in- 
formation as to the discoveries being made. Although this event 
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means the framing of only a few windows opening out upon the 
little known, it is hoped that by this method there may be increased 
in some measure the opportunity for appreciation of results of re- 
search in this particular field, as they bear upon the many ways of 
application or use of astronomical research touching human life 
and interest. 

And so: by authority of the Trustees of Carnegie Institution of 
Washington I here announce officially the dedication of this build- 
ing, its equipment, and the program of use that it represents, to 
service of the public. May it help to make clear some of the results 
of investigation and discovery in the greater universe about us. 


REMARKS ON THE PLACE OF EDUCATION IN A 
RESEARCH INSTITUTION 


N THE intellectual world question is often raised as to advisa- 
bility of setting up an organization of the type of this Institu- 
tion. This problem involves the significance of all institutions 

devoted to research alone. I have many friends who believe that 
special research organizations do not justify their existence; that 
research should be directed by the greater educational institutions. 
I meet this idea everywhere. I have encountered it in several 
board meetings within the last month. It is never absent from 
my mind, and, as our work proceeds, I must constantly inquire 
whether such an institution as this seems fully to justify itself. 

Another problem that has been before us in the field of science 
as much as any other in the last twenty-five years, is the inquiry 
regarding the place of research in educational institutions. I[ 
believe this is now settled. It has been determined that the edu- 
cational agency has, first, the task of handing knowledge over to 
others, but that the mere standing in line and passing bricks along 
may after a time become a task of such a nature that the brick 
passers cease to know what is being done. It is important that 
educators be acquainted with the knowledge they pass on, not 
merely by hearsay, but from actual contact with it. 

Education today is largely devoted to training of youth; in the 
future it will give increasing emphasis to continuing intellectual 
growth of adults. By reason of the fact that those being educated 
are young, it will be some time before they come to make large use 
of what is given them. When they reach the stage of utilization 
of this knowledge, its application will have changed in some meas- 
ure. Therefore the best education consists in teaching the way in 
which to adjust or to grow on the basis of fundamental truths. 

So the universities have included the idea of constructive thought 
as a part of their program. But when you turn an educational 
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institution toward such work there is danger that it may become 
largely a center for discovery or advancement of knowledge, rather 
than for character-building and training in the use of knowledge. 

In addition to recognition of constructive thought, or research, 
as a normal part of their field of activity, educational institutions 
recognize the importance of training in application of knowledge. 
Especially is this true in such fields as engineering, where the edu- 
cational course tends to bring into brief limits of time an experience 
commonly representing many years. By this means we make 
short cuts in individual lives, and lead the students directly to the 
programs in which they will later be engaged. 

If you step now to another field, that is to the great industries, 
it is interesting to find that the activities represented there have 
gone far beyond mere application of knowledge, and now reach into 
the field of investigation. Today, as everyone knows, the indus- 
tries are among the greatest promoters of research. But beyond 
this, we find that they are also performing a tremendously impor- 
tant educational work. 

When industries began to advertise they saw that advertisement 
which was not honest did not pay. Honest advertising reacted to 
affect the nature of the product. Then it appeared that in order 
to have a good market the people should know the full truth about 
the good thing advertised. In this sense advertising changed 
from mere promotion, regardless of the value of the product, to 
education of the public concerning good products and their use. 
The industries also found that knowledge regarding their researches 
gave confidence in their program and product. The promotion of 
this idea became a process of true education of the people in re- 
search. So, almost before one could realize it, the industries be- 
came educational agencies. They now conduct educational work 
of great significance, not only in the commonly accepted meaning 
of this term, but in their influence upon thought as well. We are 
even attaining a stage at which we appreciate the danger to the 
public from commercial advertising and promotion that has as its 
purpose the mere selling of commodities not needed, or which are 
unloaded because of desire to sell without reference to good of the 
community. There may come a day when wasting of good ma- 
terial in a manner disadvantageous to the public will be considered 
a crime against the community. 


EDUCATION IN A RESEARCH INSTITUTION 2537 


Education by the industries is not the education of the young 
alone, in the sense in which this is true in educational institutions. 
It is mainly education of the great group of adults. 

In looking over the history of education, one can begin with the 
Church. It has been in part an educational agency, but never 
devoted in any large measure to research. Whenever it concerns 
itself with research it holds its place more easily. Then came 
institutions specially organized for education—schools, colleges, 
universities. They included research as a necessary part of the 
program. Then industrial agencies became research centers and 
are now in the field of education. 

Seeing how these other agencies have recognized the need of 
relation between research and their major activities, should we not 
in turn inquire whether there is a connection between the specific 
subjects which they represent and the dominant idea of research 
in an organization like Carnegie Institution? I do not believe that 
a research agency such as ours can make its work fully effective 
unless it comes to full understanding of its responsibilities in other 
directions. This does not mean that I have in any sense the idea 
that this Institution should deviate from the path upon which it 
started. It should be devoted to fundamental research. But I 
question whether even the most fundamental investigation can 
reach its highest point of effectiveness year after year, decade after 
decade, unless the members of the staff have some form of educa- 
tional contact, and have a knowledge of the meaning of what is 
being done in the sense of human service. 

When I use the term “‘sense of service” I do not mean that when, 
for example, the Geophysical Laboratory discovers something 
that could be applied in engineering, it should immediately find a 
means of engineering application. But I do believe it important 
to be actuated by the spirit of service, and that our Institution 
should be so organized that all data of value can find easily the 
place where they will be of largest use to humanity. 

It is extremely important that we initiate recognition of this 
educational influence within the department, so that members of 
the staff will educate themselves by contact with others in their 
own group, as with members of other divisions of the Institution, 
and of other agencies. 

There have been organized bodies of investigators in this Insti- 
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tution in which the groups were not merely in large measure iso- 
lated from the rest of the world, but the members were separated 
from each other. They did not come together as a group to dis- 
cuss their own problems. I question whether any body of research- 
ers can proceed effectively and understandingly in its work without 
the elements of mutual understanding and support among its 
members. It is essential that the group keep informed as to the 
general problem toward solution of which it aims, and that there 
be abundant opportunity for discussion of work under way. Con- 
ferences of an informal character offer one of the best means known 
for keeping the whole body educated, unified, and in best possible 
position to support the general program. 

The next aspect of educational work within the Institution to be 
mentioned is that in which we consider interrelation of the depart- 
mental groups. This relation is being emphasized in the course 
of the present annual meeting. The exhibit of current work set 
up here today is not solely for the purpose of allowing us to see it. 
One of the first objects of the exhibit is the bringing together of 
members from different departments. It has been a splendid ex- 
perience to me. I think it has been to them, and I hope it will be 
also to you. 

The present relation of our departments to each other is furnish- 
ing a stimulus of real importance. Yesterday morning there was 
held in this room the first meeting of the Moon Committee, a group 
of geologists, astronomers, physicists and mathematicians set up 
by the Executive Committee to study physical characters of the 
moon. I presume that this research is as far from the practical as 
anything could seem to be. The purpose of the study is not simply 
to learn about the moon. It is to inquire regarding certain prob- 
lems touching geologic activities on the earth, which we can per- 
haps come to understand best by the comparison with conditions 
on the moon, because the physical relations there are different from 
those on the earth. We are so accustomed to seeing things under 
specific conditions that we cannot easily visualize them as otherwise 
controlled. 

Dr. Wright tells me that they have just been working on one 
peculiar aspect of the moon problem, that is the “‘streamers’’ around 
the craters. No one understands what these objects are. Dr. 
Wright stated that they might be due to explosions on the moon. 
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He calculated what the pull of gravity is on the moon, and how 
far material thrown from a moon crater would travel. It was cal- 
culated that a projectile fired from a certain gun on the earth 
would travel about 8 miles. On the moon the same gun and 
ammunition would send a projectile about 280 miles. In this way, 
an explanation was reached of why the streamers around the moon 
craters extend such long distances. 

May I remind you that this moon conference was a meeting of 
astronomers looking out from the earth, and of geophysicists con- 
cerned with the interior of the earth, and they all obtained a new 
point of view. We have shown here the importance of bringing 
together groups with certain common interests, but with different 
points of view. I have commonly called this focusing of vision 
from widely separated fields the “parallax method.” It is the view- 
ing of a particular thing from the points furthest apart from which 
observations can be made. 

When astronomers wished to learn something about the dimen- 
sions of the universe they accomplished little until observations of 
the stars were made from opposite points on the path of the earth 
around the sun, the two observation points being separated by a 
base line of something like 180 million miles. They were just 
barely able to make certain of a perceptible angle between the lines 
of sight separated by this distance. But the instant they were 
sure of that angle, with a base line of 180 million miles, there 
flashed into being a universe with dimensions never before fath- 
omed, and there were opened the tremendous depths of space that 
we know today. 

And so we can apply this parallax method in study of our gen- 
eral problems. This is one of the ideas which I have in mind 
regarding mutual support of the departments of the Institution 
through relationships by way of viewpoints which may be far 
apart, but will in many instances give a new picture of some im- 
portant phase of the universe. 

Beyond the problem of education within the Institution, it is a 
duty of departments and members to make contacts outside 
through reports by which the material we produce can be made 
available to other agencies, through the general literature, or by the 
usual channels of educational work. We can spend a small por- 
tion of our funds profitably in developing new relationships in 
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order that our results of research may be made useful as easily and 
quickly as possible. 

A view of research such as has been discussed awakens in the 
minds of those who are doing the work a clearer realization of its 
value to the community, and a sense of responsibility to the staff, 
to the departments, to the Institution, and to the public. This 
view of our relation to the world is of enormous significance in 
keeping the best kind of continuing stimulus for our program. 
Many problems in the Institution have directed my attention to 
the importance of this feeling of responsibility. I have come to 
see that some of the greatest possibilities of isolation and conse- 
quent loss of effectiveness in research may arise from lack of 
understanding of this relationship. Isolation or failure to realize 
responsibility may not be due merely to lack of administrative 
control. It may arise through absence of that stimulus which 
comes from contact with ideas and opinions of co-workers. 

In general our highest accomplishment in the investment of 
money in research is in groups organized so as to give such rela- 
tionships within the department, the Institution, and the field of 
research represented, as will enable the investigator to have a 
perspective in his subject and the support of other workers related 
to his field of study. 

The understanding of ideas of others and the check of interest 
may be more important than mere supervision, provided individual 
initiative is maintained, and the work is well organized and di- 
rected, and the true relation to the community is understood. 

When we all come to see the various aspects of our problem, and 
come to full realization of our responsibility to the public, we shall 
have reached a situation in which we will see our duty, first, as an 
agency dedicated to active work in securing knowledge regarding 
fundamental problems, and, second, as an institution responsible 
to the whole people for giving them in the most available form 
the knowledge that arises from our results. When that stage is 
reached we will have the highest form of supervision, such as 1s 
realized in recognition of responsibility to ourselves and to others. 

I cannot conclude without making one other reference to our 
problem. It concerns the ultimate significance of the whole re- 
search movement in the fundamental sciences. I have stated to 
you often that the longer I live, and the more I see of the processes 
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of evolution and its history, the more I am impressed with their 
importance. Nothing in the world seems to me more significant 
than this question. 

Some years ago Dr. Welch persuaded me to talk before a group 
of gentlemen in Baltimore. At dinner he asked me how I justified 
my abandoning palaeontology to go into administration of research. 
I replied that this was easily explained.—Palaeontology presents 
evidence of movement of life during the ages, gives us evidence that 
life is a thing which in this environment cannot stand still, and 
suggests that if this has been the mode of procedure for a thousand 
million years it will probably be true for the immediate future, 
whether we wish it or not. Research is the means by which man 
will assist in his own further evolution. 

Then I stated that science recognizes man as having come to his 
advanced stage in this scheme after long ages required for his 
development. Man now sees his situation in the universe as a 
product of evolution. He has attained intelligence and recognizes 
his position of individual separateness.—Some of my friends think 
that through reaching this stage man begins his own destruction,— 
just as in the early chapters of the Great Book there is an account 
of man being turned out of the Garden of Eden, because he ate of 
forbidden fruit from the tree of Knowledge. 

I believe that human kind has come to know enough not only to 
recognize that which is evil that it might do, but to appreciate also 
the good, and to know the difference between good and bad, and 
how to select the good. I see, further, that by reason of his intelli- 
gence man has come to be a very individualistic type. He insists 
on something different from what every other creature has. This 
will be true so long as he is intelligent. But man has also learned 
that he is in a world that brought him up to a certain stage by a 
process which we call evolution. He will wish to have some part 
in this movement. I believe that if he had open to him a choice 
between further evolution directed by some Being distant from us, 
which would merely carry him along with the current; or as alter- 
native could choose a situation in which that outside power would 
fix the laws and permit him to use them, man would say “‘I prefer 
to assume some responsibility in this scheme.” 

I believe that research is the means by which man will participate 
in carrying the process of evolution forward, learning a little at a 
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time. In this way he will not obtain too much knowledge to make 
participation dangerous. He is not to destroy himself, but will 
make his position better. He will be happy through recognition 
that, though there are ills with which he must contend, it was 
in this environment that he grew to his present man’s estate. 

According to the ancient story, man was driven from the Garden 
of Eden lest he might learn too much; he was banished so that he 
might become master of himself. A flaming sword was placed at 
the east gate, and he was ordered to work, to till the ground, until 
he could come to know the value of his strength. He is now learn- 
ing to plough the fields about him, shaping his life in accordance 
with the laws of nature. In some distant age a book may be writ- 
ten in which it will be stated that man came at last to a stage where 
he returned to the Garden, and at the east gate seized the flaming 
sword, the sword that symbolized control, to carry it as a torch 
guiding him to the tree of life. 


REMARKS OF THE PRESIDENT OF THE CARNEGIE 
INSTITUTION OF WASHINGTON BEFORE 
THE BOARD OF TRUSTEES 


wR. CHAIRMAN and Members of the Board: Each year I 
# approach the presentation of a report with hesitation 
. VY _H greater than in previous meetings, because I realize that it 
is impossible to make an adequate statement of progress in more 
than the most general terms. Each time I have called attention 
to the fact that the real report on activities of the Institution comes 
to you in the Year Book, and in the various documents reaching 
each member of the Board soon after their publication. Copies of 
the Year Book, which is released as of today, are here on the table 
for members who wish them. They are forwarded to you a little 
later without reference to request made today. 


THE INSTITUTION’Ss YEAR Book 


For 1935 we have attempted to modify the Year Book in several 
particulars so as to make it a little more useful to the Trustees. I 
recall that some time ago this volume was growing thicker and 
thicker, and we decided that a limit must be set. I remember that 
Mr. Root called attention to the fact that in about another two 
years it would be two volumes, and he considered one volume 
enough; and so did I. 

The Institution committee known as “Committee on Public 
Progress Reports’”—which name, you remember, was constructed 
by Mr. Root—has made it an especial task for a number of years 
to see that the reports on our scientific projects are held down to 
such limits as will permit putting the whole statement in one volume. 
I wish here to compliment that committee on its success. In a 
considerable number of the departmental reports you will find a 
summary or a preface with a review of the whole field. I have been 
so impressed by the way in which these statements are presented 
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that, in writing the President’s Report, quotation is made from 
some of them, because they give simple outlines covering certain 
of the most important elements in department programs. 

We have had great difficulty in determining what objectives 
should govern in preparing our reports. There is wide range of 
opinion as to what the Year Books really are. Some members of 
the Institution staff consider that they provide a means by which 
small scientific papers on special projects can be issued. So there 
has been a tendency for the report to become a collection of im- 
portant technical papers. But the question is: Are such technical 
papers the things that we wish? 

Other members believe that the Year Book is, first of all, a state- 
ment to the Trustees, and that it should be intelligible to all think- 
ing people; they feel that it should be possible to read it through 
with appreciation of the meaning. 

We have not yet arrived at a full understanding of the problem, 
and in the 1934 report you will find some statements that are techni- 
cal. In defense of those who wish to see here a collection of tech- 
nical papers, I should say that all of the departments obtain copies 
of their reports; and these reprints are circulated among scientific 
groups, especially those interested in the same field, so that the 
material in the Year Book reaches a very large number of investi- 
gators scattered over the world. The attempt now is to combine 
these two types of statements so that, for example, in the report 
from Genetics or from Mount Wilson or from the Division of Plant 
Biology, you have in each case a preliminary statement two or three 
pages in length plus a more technical review of progress made by 
the department in the whole field. 

We have attempted this year to divide the material in the Year 
Book report into administrative and scientific sections. The first 
portion includes reports of the committees, the Executive Com- 
mittee and the Finance Committee, the schedule of securities, and 
the auditor’s report. These are followed by the President’s Report, 
which is a summary of the activities of the Institution. This year, 
instead of picking out single items from the whole group of projects, 
I discussed progress of the Institution by Divisions. 

We have introduced one new element in the Year Book, namely, 
the report from the Division of Publications. Up to the present 
time the statement on publications has been included in the Presi- 
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dent’s Report. But the subject is so important that we thought 
it should be covered by the editor; and you will find this review 
following the scientific reports. At the end of the discussion on 
publications comes the bibliography of the staff. 


PUBLICATION CHANNELS 


I do not know how the Trustees feel, but some of us spend a good 
deal of time looking over the bibliography. Not all that we do is 
expressed in terms of the printed page, but a great deal appears in 
that form. Here let me call your attention to the fact that when we 
say “bibliography” we do not have in mind solely what are called 
the Carnegie Institution publications, of which you see the 665 
volumes ranged around this room. The Carnegie Institution pub- 
lications are merely an outlet by way of monographs for reports of 
such size or character that they are unsuited for the ordinary chan- 
nels of publication. They are not considered merely as a monument 
to the Institution, or to Mr. Carnegie, or to science. They provide 
means for setting down a technical record, a report upon investiga- 
tions, which can not easily find place in other ways. 

When members of our staff come to us and say, ‘““Would you feel 
it proper for me to publish a paper in the American Fournal of 
Science, or some other important medium,” I say, “My dear sir, 
we are glad to have you place your paper wherever it may accom- 
plish the largest good. Do not think that it should necessarily go 
into the Carnegie Institution’s series.” As a matter of fact, the 
larger part of all that is published, bearing upon our work, passes 
through other channels. I mentioned the American Fournal of 
Science, which happens to be a medium through which our Geo- 
physical Laboratory publishes much of its material. Mount Wilson 
Observatory has several channels through which the staff publishes, 
the most important of which are the Astrophysical Fournal and the 
Publications of the Astronomical Society of the Pacific. Other de- 
partments, likewise, use special journals. 

Let me remark that we are not attempting to saddle on other 
agencies the financial responsibility for our publishing activities. 
The Astrophysical Fournal, for example, might feel that we are 
imposing on it if we tried to put too much material through that 
channel. What we do is this, the papers are offered and accepted 
as would be the case for articles from other sources. If there is 
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extra material, or a relatively large number of pages, or illustrations 
that are expensive, we pay for them. The departments are given 
funds for meeting expenses of this character. 

So I am stating to you, as I have done many other times, that 
the real report for the Institution, and in a sense the report from the 
President, is contained in these publications. On the table here 
are many documents which include everything covering our activi- 
ties—the minutes of the Executive Committee, the financial report, 
statement on investments, copies of publications, and a considerable 
group of copies of the papers from journals such as the 4merican 
Fournal of Science. 

May I say again that not all that we accomplish is expressed on 
the printed page. A very great deal of what we do is represented 
by influences exerted upon institutions and individuals through 
direct contact by members of the staff. Much now goes out also 
through the public press, ranging from newspaper releases to articles 
in magazines, various types of journals, and the publication of 
books. We have not wished to stress too heavily what some would 
call the publicity aspect of our work. This is viewed as a part of 
our public progress report. Mr. Root has impressed upon me very 
definitely a number of times an idea held by him and by Mr. Car- 
negie. It is that there should be means by which we not only make 
technical record of the results of scientific research, but present as 
well a general statement intelligible to the public and to scientific 
men in all fields of research. 


PROGRAM OF INTERPRETATION 


So some years ago we began to develop a program of interpreta- 
tion. I have probably said to you before, in reports, that to our 
surprise the first important result of this effort to put down in simple 
form the results of our work was in a reaction from the scientific 
men rather than from the lay public. What I mean is that, for 
example, the botanists approved definitely of a statement of results 
in the fields of physics and chemistry, and even what comes from 
astronomy, etc. We find that science is so specialized that the men 
in each subject are grateful for an interpretation of what is being 
done in other fields. This contribution has been important. 

We have attempted also, as you all know, to carry out this plan 
of interpretation by means of a series of lectures. I do not wish to 
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stress this point, because it is a relatively small thing; but the lec- 
tures have come actually to be quite important, and we are arrang- 
ing to have them presented not only here but at all places where 
the Institution is represented, as at the Mount Wilson Observatory, 
Cold Spring Harbor, and other stations where large departments 
are located. 

The lectures are not directed alone to the audience that happens 
to be present when the statement is made. Nearly all are now 
published, not only recorded through journals, but brought together 
in collections or groups of lectures which are included in a supple- 
mentary series of the Institution. 

The last series of lectures set up consisted of two delivered this 
month under the title “The Influence of Science and Research on 
Current Thought.” The men who spoke were Dr. Angell of Yale 
and Dr. Spoehr, Chairman of our Division of Plant Biology. Both 
statements are of the highest order of excellence. These lectures 
are being brought together in a small book. As you may know, 
Mr. Root has given his approval to our use of the name “The Elihu 
Root Lectures” for this series. I have said that anyone who speaks 
in the Elihu Root Lectures must at least come up to look out over 
the level of thought which Mr. Root represents. 

Another point regarding these lectures, lest you misunderstand 
my position in viewing this subject, is that the giving of a lecture 
does not concern merely the people who are present, or the persons 
who read the article after it is set down in a magazine or in a book. 
One of the most important influences is upon the Institution itself. 
We all know that the mere presentation of such lectures does not 
mark the end of influence from the effort, because what is prepared 
continues useful through the whole life of the individual, and is 
used continuously in dealing with other projects of the Institution. 
So we have rather deliberately fostered the lecture as being perhaps 
one-tenth or one one-hundredth of one per cent of the contribution 
by the Institution. 

You may think that I am spending too much time on problems 
aside from the main objectives of the Institution; but in this con- 
nection, I wish to say, last of all, that the exhibits here in this build- 
ing today represent another mode of expression or report on our 
work. 

It is one thing to engage in an investigation and publish a technical 
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scientific paper. We have all written articles on various subjects 
that were technical, whether they were scientific or not; and we 
know that there is a real difference between standing before a 
scientific group and talking in terms of hypotheses, and standing 
before the public to be asked questions concerning the subject. 
There is also wide difference between discussing a limited field in 
science and considering that subject in terms of other sciences. 
After all, science is not just isolated facts. It is facts related to 
other facts. In other words, science does not become science until 
this relationship or philosophic aspect is developed. 

So one finds that if research workers state their problems, per- 
haps in terms of mechanism, perhaps in terms of vision, and inter- 
pret them to others either through lectures or through exhibitions 
of actual material, the reaction 1s helpful in clarifying the thought of 
the investigator. 


VALUES DERIVED FROM EXHIBITS 


Some years ago I think I told you that just before a meeting of 
the Trustees the Chairman of the Committee on Exhibits said to 
me, “Well, Dr. Merriam, we are on velvet from this time on. The 
staff has profited enough in preparing the exhibition to pay for all 
the effort and money that has gone into it.”’ He said, “We hope 
the Trustees and public will enjoy it, but if they should never see 
it at all, it would have been worth while.’ While we have been 
talking today, the exhibitors are here in the building, going about 
together, to see each exhibit, and to ask each exhibitor questions 
as to what his work means. 

It is important to note that the exhibits which you will see are 
not incidental things gotten up on the spur of the moment. With- 
out my realizing quite what could happen, they have become a part 
of the life of the Institution. 

A very interesting story attaches to one of the most important 
of the exhibits here. On the other side of the hall you will find three 
rooms devoted to genetics. The room at the right is an exhibit in 
charge of Dr. Bridges, long a member of our staff, and an assistant 
to Dr. T. H. Morgan. As you know, Dr. Morgan has done very 
important work, perhaps the most important in the world, upon 
certain aspects of genetics. ‘This research has had its principal 
support from the Carnegie Institution of Washington. 
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We have not troubled Dr. Morgan about exhibits and lectures. 
He favored us with a lecture some years ago, and did it very effec- 
tively. Last year, just after the annual meeting, Dr. Morgan wrote 
to me saying that as a compliment to the Institution he would 
appreciate showing in the exhibit of 1934 some of the results that 
have been made possible by aid of the Institution. So Dr. Bridges 
is here with that exhibit. He brought the materials from California 
Institute, but it seemed that a good place to work up data would be 
at Cold Spring Harbor, where the Chairman of the Exhibits Com- 
mittee of last year was located. Cold Spring Harbor, of course, is 
our principal stronghold for organized genetical research. 

At Cold Spring Harbor is Dr. Demerec, a distinguished student otf 
genetics who had been the organizer of the exhibit for the Inter- 
national Congress of Geneticists, of which Dr. Morgan was Presi- 
dent. There Dr. Demerec did a spectacular piece of work, attract- 
ing the attention of geneticists over the world. He had gardens 
with plants growing, and microscopes to show details. When Dr. 
Bridges came to Cold Spring Harbor, Dr. Demerec said, “We will 
put a Cold Spring Harbor exhibition alongside that of Dr. Morgan.” 
Then the Department of Embryology, which has one of our genet- 
icists doing somewhat similar work, said, ‘“We will add another;” 
so there are three exhibits: Bridges, representing Dr. Morgan; 
Demerec, representing genetics at Cold Spring Harbor; Metz, repre- 
senting genetics in the Department of Embryology. The three are 
together. Perhaps it is the most important exhibit of the sort ever 
assembled. It represents nearly a year’s work. 

Last spring we stated that we were not willing that these exhibits 
proceed unless there be development of plans in such manner as to 
constitute a research. Iam told that they have served in a meas- 
ure as an investigation. This is the story of one exhibit. I regret 
in one respect that it will not last long, but that may not be the 
case. It goes to Pittsburgh, and we are now asked whether it can- 
not ultimately go to a great museum as a permanent exhibit. 

The exhibit in the rotunda, the large cast of a Maya altar from 
Quirigua in Guatemala, has another interesting story; and it is 
perhaps well that I tell it. The significance may be greater than 
that of other matters that seem more formal. 

Quirigua has been known over the world as one of the most im- 
portant of all the Maya ruins. At that place are magnificent stele 
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or monolithic structures with marvelous carvings. Altogether, it 
is one of the striking and startling exhibits of the Maya area. We 
have had very close relations to the people of Guatemala; and several 
years ago I suggested that we would like to see many good people 
from America visit Guatemala to make acquaintance with its 
wonders. JI was born and brought up in the Middle West, and had 
in mind the great group of school teachers of that region who save a 
little money to go here or there, perhaps to Europe, for cultural 
experience. It is only a little distance to New Orleans, and two 
nights and a day to Guatemala. There one enters a new world 
geographically, climatically, biologically and culturally. There 
we can learn the story of an ancient civilization; and find opportu- 
nity for education such as shocks us into attention to many new 
things. Jor the use of such visitors this Institution agreed to write 
a guide book describing the ruins of Quirigua. The book is now 
ready for publication. 

The Society of Geography and History of Guatemala was inter- 
ested in the book, and it will be published under auspices of that 
Society and dedicated to the people of Guatemala. Carnegie 
Institution will pay for the publication. There will be an English 
and a Spanish text. 

We arranged last year to codperate with Guatemala in making 
Quirigua as interesting as possible. The Carnegie Corporation 
combined with us to make money available. ‘The fallen stele are 
now set up and the ruins repaired so far as feasible. When our 
American visitors come, aided by the guide book, they will see 
everything in the best possible form. We asked two of our best 
men, Morris and Strémsvik, to do the work. One of our Trustees, 
Governor Forbes, visited the locality when they were beginning the 
task. 

In course of this excavation at Quirigua two magnificant altars 
were found in front of two great figures, called zodmorphs, and about 
a foot and a half below the surface, where tourists and scientists 
had been walking over the ground for decades. These are two of 
the most extraordinary Maya relics known. The carving repre- 
sents the highest level of work of that civilization. The exhibit in 
the rotunda of this building is a cast of the better of these two altars. 
As you will see, the front is covered with hieroglyphs. The mould 
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of this altar was made in course of the work at Quirigua, the plaster 
cast was made at Boulder, Colorado, and shipped here. This is a 
very striking thing; but the point I wish to leave with you last is that 
it represents not merely advancement of knowledge concerning a 
great culture. It represents also development of our relations with 
the people of Guatemala desiring our codperation, but having them- 
selves a fine independence of thought. 

Some years ago I was asked to speak before the Rotary Club of 
Guatemala City. I do not often speak before Rotary Clubs in the 
United States, and naturally wondered what would be the point of 
view of a Rotary Club of Guatemala City. I have never stood 
before a group of men with more intelligence and vision. Fortu- 
nately, practically everyone understood English. I was permitted 
to talk on the significance of history, and they knew the meaning of 
this subject, which is, I fear, little appreciated over the civilized 
world. I think it important that these relations, and discussion of 
such problems, be given careful thought as among our opportunities 
for service. 

Discussion of relations to Guatemala suggests reference to com- 
parable opportunity in the neighboring country to the south. The 
Government of Honduras has recently asked our aid. The Ruins 
of Copan, one of the greatest of all ancient sites, need to be cleared, 
protected, and interpreted. Dr. Morley, of our staff, has written a 
great volume called “The Inscriptions at Copan.” It did not at 
first seem possible to help. So we asked the Carnegie Corporation 
to codperate. Recently the Corporation appropriated $12,000 for 
us to use, along with our own funds, and the Copan work is about 
to be initiated. 

When I began discussing exhibits, it was for the purpose ot 
bringing to your attention the fact that the statement of these 
problems is not all publicity. It is in large measure a crystallization 
of thought and an interpretation of new materials for a wide public 
which should have opportunity to know something of these things. 

I should remind you at this time that after the luncheon, which 
will be served at about 12.30 or 12.45, we have arranged, as in pre- 
vious years, for the Trustees to go about and see the exhibits. 
There will be only a few persons present—75 perhaps—and you will 
have opportunity to meet the exhibitors and the directors, and talk 
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with them about their work. You will find some extraordinary 
things. Every one of the exhibits is a gem; and it is worth more 
than anything I can say for you to meet the men, see what they are 
doing, and talk with them about their special interests. You will 
find Dr. Spoehr here with a critical exhibit on photosynthesis or the 
influence of light on plants; Dr. Adams with the parallax or distance 
of the stars; Terrestrial Magnetism with an extraordinary exhibit 
on the daily variation of the compass. These researches, and the 
exhibits illustrating them, have all been worked out with great care. 


THE INSTITUTION VISUALIZED AS AN IDEAL 


If you were to ask me questions, I assume that one of your in- 
quiries would naturally concern my view as to the specific task of 
the President of this Institution and how I look upon our organiza- 
tion and its development. Of course I am asking myself these 
questions continuously, and try to be prepared to answer. 

One of the basic questions regarding the Institution which can 
never be avoided is the thing which bore so heavily upon Dr. 
Woodward in his later years. Those of you who knew him well 
remember that he was deeply hurt by the feeling that a majority 
of people considered the Carnegie Institution merely as a check- 
book; that it was just a source of funds for those who might wish 
to conduct research. However, Dr. Woodward knew that Mr. 
Carnegie and Mr. Root and Dr. Pritchett and those who organized 
the Institution, and the Trustees who have carried it on, looked 
upon this institution as the development of an ideal, and that the 
ideal relating to advancement of knowledge and its interpretation 
was the primary feature. We have to keep in mind continuously 
that we are not merely disbursing funds, but are holding to an idea, 
and maintaining an organization such as will permit the most 
effective use of our resources in advancement and clear statement 
of knowledge. 

There has been the feeling, I know, that our first responsibility 
is to find men. Mr. Carnegie expressed that idea. And all have 
recognized its importance as coupled with other opportunities. It 
is my view that we must first have an ideal, and then there must 
develop a mechanism; but that the plan and the mechanism will 
be without value unless we have adequate personnel. 
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An EvoLvinc ORGANIZATION 


A short time ago I came upon a statement by Bacon that im- 
pressed me as representing in some measure the situation in this 
Institution. Bacon said: 


I take it those things are to be held possible which may be done by some per- 
son, though not by every one; and which may be done by many, though not by 
any one; and which may be done in a succession of ages, though not within the 
hourglass of one man’s life;... 


That outline illustrates almost exactly the evolution of this Institu- 
tion. ‘There are those things “which may be done by some per- 
son, though not by every one.’’ So we have selected individuals 
who are the source of ideas, and of stimulus. Morgan in genetics, 
for example, is a man who represented an individual idea carried 
out and extended over a wide field. 

Then, we have the gradual evolution of the departmental type 
of activity exemplified in Mount Wilson Observatory, the Geo- 
physical Laboratory, and Embryology. The departmental idea 
was based upon the proposal that certain investigations be entered 
upon which could be carried through only with many people work- 
ing together, each having his special interest, but combining in 
assistance to each other. The Geophysical Laboratory is a good 
illustration of this type of effort. 

G. K. Gilbert, the great geologist, in talking to me before I knew 
anything of the Carnegie Institution, referred to the field of opera- 
tions of the Geophysical Laboratory as representing the dark con- 
tinent of science, the interior of the earth. He said, “Merriam, 
you cannot see that region, and you never will. You can see the 
stars and do various things which increase our knowledge of them. 
You can explore other continents; but the interior of the earth, 
something that is essential to us, you cannot reach. If there were 
not an interior of the earth there would not be a surface, and there 
would not be life, and there would not be people.” He said, “It 
is the most difficult place to reach, and the means of fathoming it 
are few. How can we ever learn much about it? And yet how 
can we ever understand man’s position in the universe unless we 
know something about the bulk of the earth upon which he lives?” 

You have often heard me speak of the fact that earthquake 
waves, passing through the mass of the earth, have given to geo- 
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physics a means of learning something about the structure and 
composition and nature of the inner earth. Development of the 
Geophysical Laboratory required information from many direc- 
tions, and brought group research. There is some criticism of the 
Institution, I know, on the part of those who feel that we attempt 
to organize and direct; that the members of these various staffs 
are under close control of the directors. But no one comes into 
the Geophysical Laboratory to work unless he is interested in geo- 
physics. The salary is not enough to attract him. He has a liv- 
ing, of course, but men come because they are interested. They 
do not stay unless they fit themselves to other researchers, and 
unless they receive from the others what they need. In one sense 
it is a coOperative organization. In terms of biology it is what 
we call a symbiosis, that is, somewhat different organisms fitting 
themselves together to mutual advantage. 

The department idea has extended itself to groups of ane 
Plant Biology, to which I have referred in the annual report, 
one of these larger groups. I well remember sitting here at Ne 
table, shortly after I came to the Institution, with representatives 
of Animal and Plant Biology. There was Dr. Clements, convinced 
that environment is the great factor that influences life. There was 
also Dr. Davenport, quite confident that what is in your genes or 
in your chromosomes determines what you are to be. You may 
be put into a hot climate or a cold one, but you will be what you 
were born to be. I have probably told you the same story over and 
over, and I have said that as we stepped out of the door after that 
meeting Dr. Blakeslee quoted to me the opening lines of “Thana- 
topsis,”’ 

To him who in the love of Nature holds 


Communion with her visible forms, she speaks 
A various language. 


9) 


They spoke “a various language,” and they did not agree. I 
said, “It is unfortunate that we have in a scientific institution 
opinions which are as near to being diametrically opposed as this, 
and apparently not finding a common view point.” We finally 
organized a Division of Plant Biology which brought certain of 
those groups together. Last summer I saw some of the results of 
this work, which represents what to me is one of the most im- 
portant things that has happened since I came into the Institution. 
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Dr. Spoehr, Chairman of the Division of Plant Biology, is a 
chemist and a physicist who has interested himself in the influence 
of light upon the processes of plants, photosynthesis; but he under- 
took to see carried out the program left by the late Harvey Hall, 
which concerned the influence of environment in its relation to the 
influence of hereditary materials. 

After Dr. Hall’s death Dr. Spoehr said “We must find some 
means of securing an answer to the question: ‘What is the influence 
of environment? What is its relation to the influence of hereditary 
materials’? Fortunately, Hall had assembled a fine group of 
investigators who are among the leading students in this field. 
Last summer they organized a symposium on this subject, and 
brought researchers from the Atlantic Coast and from Europe. 
These men met in California for a week. The first three days they 
sat in the laboratory and considered technical questions, and then 
some time was spent in the field looking over the growing materials. 

The conference studied especially what Dr. Campbell will re- 
call as one of the striking plants found at the foot of Mount Hamil- 
ton, where his observatory is located. I could drive by the foot 
of that mountain in the dark, Dr. Campbell, and locate myself by 
the odor of the particular tarweed growing along the road, that 
sticky plant which is not good as a bouquet, but has a pungent 
odor that embeds itself in the memory. 

The tarweeds form a large group with many species, and some of 
those kinds are sharply localized. They grow in this valley but 
not in that. California has varied topography. It has a very 
interesting geological history. It has been bumping up and down 
rapidly through geological time, making new formations, and 
carving out new valleys, so that there is a marked variety of land 
forms and also of climate. And the many species of tarweeds are 
scattered over the State, fitted to the varying topography and 
climate. 

The plant biologists took the tarweeds as the basis of their 
discussion. ‘They not only studied the distribution of these plants 
in relation to environment, but Clausen and his group went at the 
genetical history. “What is the succession of these things in 
breeding?’ They not only did this, but they dissected the plants 
down to chromosomes and genes, and studied them from that 
angle. So for the first time, as far as I know, there was brought 
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together a group of people who took up all the phases of this ques- 
tion and laid all the problems out for discussion. They compared 
this particular feature with that; and then went into the field and 
made further comparisons and discussed them as far as they 
could go. 

Not all of the major questions were settled in this conference, 
but they came as near to obtaining answers as has been possible 
for any other group. This particular thing could not be done by 
one man alone. It required a group of people representing the 
sections of the Division of Plant Biology, and with them leading 
experts from the world to sit down around the table and argue the 
problems through. 

At the end of the conference the members visited the various 
natural gardens that have been set aside for study of the flora from 
the Coast Range of California across the Great Valley, and then 
up to 9,000 and 11,000 feet in the Sierra, where, at our request, the 
United States Forest Service has set aside a mountain area, now 
known as the Harvey Monroe Hall Natural Area, for study and 
experimentation. 

We will not forget that we were talking about organization 
within the Institution when this story regarding the conference in 
California began. I was considering the relation between organi- 
zation and the development of projects, and was making the point 
that our larger groups represent an effort to set up organization 
which will make possible studies requiring the collaboration of 
many persons interested in a common problem. 

Said Bacon, there are certain things “which may be done by 
many, though not by any one; and which may be done in a suc- 
cession of ages, though not within the hourglass of one man’s life.” 
Our development has extended over three decades, and as the 
mechanism is set up now it may go on effectively for many years. 


Unity 1n Starr ACTIVITIES 


We have been attempting so to develop organization of this 
Institution that there will be in it a certain unity; not to the ex- 
clusion of other units or other people; but a unity, and a recog- 
nition on the part of the Institution that if the members of the staff 
hold together, they obtain more from their work than if acting 
wholly independently. 
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The exhibit which you have seen in the rotunda this morning is 
one means of bringing the staff and the departments together. A 
considerable number of the staff members now in Washington were 
at my house at dinner last evening. Formerly we planned various 
features to entertain the staff at these dinners, but soon discovered 
that this was unnecessary. Yesterday as soon as dinner was 
over a group of five men went to one corner, and another group to 
another place. This discussion in groups is going on and it will 
continue for the next four or five days. It is important as an 
opportunity for the consideration of common problems. These 
contacts have brought about intensive study of certain major ques- 
tions that could not be handled in any other way. 

This leads me to the point of stating that in development of our 
organization the Executive Committee, at a recent meeting, set 
up another division, covering the field of Animal Biology. As I 
said when this Division was recommended, we had unwittingly 
tried out the Division project before making it a matter of business 
arrangement. We did not set out deliberately to establish a divi- 
sion. Seeing what other groups had accomplished, we recom- 
mended that four or five groups in the field of animal biology meet 
regularly at the different departments to study problems of com- 
mon interest. This was done for about three years to great ad- 
vantage. Within this time there came out of the conferences some 
things that I had dreamed of seeing done, but did not think would 
be accomplished in my life-time. The conferences were so suc- 
cessful that it seemed wise to organize the group as a division. 


RELATIONS BETWEEN DIvISsIONS 


The stages described represent development of certain phases 
in our organization. I do not wish to foreshadow another type of 
organization, but merely to say that relationships do not end there. 
The present situation is illustrated in the Institution by the rela- 
tion of eugenics to various subjects in different divisions of the 
Institution. Anyone who has heard the word “eugenics’’ knows 
that it presents a real problem, as well as one of the most important 
of all phases of research. How to use the human material of the 
world to best advantage, and how to care for its development, not 
merely in the sense of culture but with reference to physical growth 
and the preventing of large increase in the unfit, is one of our 


2558 PUBLISHED PAPERS AND ADDRESSES 


greatest questions. We may not wish to control mankind, but 
mankind may ultimately find it desirable to control itself. 

We have a eugenics group in the Division of Animal Biology. Dr. 
Laughlin, of the eugenics staff, has pointed out that the subject 
has close relations to embryology. We cannot study the story of 
man without coming up through development of the individual 
embryologically. One of the closest contacts of eugenics in another 
direction is with the Division of Historical Research, in which we 
consider certain aspects of the record of man historically. 

The Division of Historical Research, in its study of the Maya, 
has shown that obtaining the story of this people involves a great 
number of elements including some of those within the field of eu- 
genics. The study of the Maya must comprise geology, which 
means water supply and building stone; the plants and animals, 
which mean food and clothing; and also in some ways that biolog- 
ical background which represents elements involved in the physical 
stock and race development of these people. We must give atten- 
tion also to the study of sociology and related subjects. 

Some of you will have seen one of our recent publications called 
“Chan Kom, a Maya Village,”’ which is the first of three studies on 
different types of Maya villages. The town of Chan Kom, off the 
main line of travel, happened to represent an intermediate stage of 
culture. It was an independent community, but had no roads 
leading in. It was a village illustrating the stage between primi- 
tive culture and highly developed civilization. Of the other types 
of villages to be studied, one will be in the wilderness, and another 
near the edge of the city of Merida. I mention Chan Kom to 
show the range of research upon which we are engaged. The work 
in this field has been carried on by Dr. Redfield, dean of the social 
science group at the University of Chicago. When Redfield was 
made dean, the University allowed him to retain his arrangement 
to be away for a part of the year to work with this Institution in 
Yucatan on problems concerning social development of the Maya. 
The large book, on the table next to the wall, is Redfield’s Chan 
Kom report. Mr. Delano will tell you about it. He and I par- 
ticipated in a triumphal entrance into the village, with the inhabit- 
ants strewing flowers along the way. We met the people and spent 
the night there. 

This Chan Kom study represents one point of view of a group in 
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the Institution concerned with Maya history. We are investi- 
gating the social organization of these towns because we should 
know something of the life of the people today if we desire to under- 
stand the history of this group recorded in the great ruins. There 
is danger that we study only the stones that were left from parts 
of the buildings of the Maya, forgetting that they represent a 
people still living in the region. 

One of the most interesting recent contributions by Dr. Morley, 
in charge in Yucatan, has been the tracing back of the history of 
the Xiu family, still living near Chichen. Morley has followed 
them to the time of the Conquest, and then on into the pre-dis- 
covery or pre-Columbian period. So we have the actual genealogy 
of a family starting before the Conquest and coming up through 
many hundred years to the present. The archeologists still con- 
tinue to investigate the hieroglyphs, but they also study the people 
represented. 

I was discussing the organization of the Institution when refer- 
ence was first made to eugenics. What I wished to point out was 
that one of the necessarily close relationships of eugenics in the 
animal biology group is with activities in the historical group; 
and that some of the most important work done today by investi- 
gators in the eugenics staff of Cold Spring Harbor is carried on 
through the Historical Research headquarters in Yucatan. Dr. 
Steggerda, of the Eugenics staff, and his wife have been stationed 
largely in Yucatan studying the interesting problems of the people 
there. 

This is an illustration of relation between two divisions. The 
work being done in eugenics is of importance both to biology and 
to history. 


CoOPERATIVE RELATIONS WITH OTHER INSTITUTIONS 


As one further aspect of development in organization it is desir- 
able to make mention of important relations to other institutions 
and activities. 

As has already been stated, the work done by the Division of 
Historical Research is in considerable part carried on by specialists 
from other institutions. The organization plan of that Division 
includes a small group of highly expert and carefully selected 
persons who constitute the regular staff. Associated with the 
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continuing staff is a larger group of specialists from other institu- 
tions, such as Redfield, dean of the social science group in Chicago, 
working with us in Yucatan; Andrade, making studies of language; 
and many others. A codperator of still another type would be 
found in the schoolmaster at the little town of Chan Kom, where 
Dr. Redfield made the study of village life. This young man, 
Alfonso Villa, was so much interested in the work that Redfield 
thought he should be aided to further education, and also that he 
should assist in the work on Chan Kom. Villa has now spent 
some time in the United States to secure more advanced education, 
and gives promise of becoming an exceptional investigator and 
writer. 

It has always been a part of our plan to help in developing the 
talent in those countries in which we work. This means continu- 
ing development of research and protection for the fruits of past 
labor, whether these results be materials or growth of ideas. 

The type of codperation with other research agencies represented 
in the Division of Historical Research is illustrated in many com- 
parable ways through other divisions and departments of this 
Institution. 

Considering especially our codperation with other institutions, 
I might furnish you a long list of the things that we do for govern- 
ment and for other agencies. I know you will agree with me that 
this constitutes an important function of the Institution. 

The codperation with other agencies is so important that it ab- 
sorbs a considerable part of our total effort. Time permits men- 
tion of only one case, which is, however, of special interest, this is 
our cooperation with the Carnegie Corporation. When Mr. 
Carnegie created the Corporation, he specified that the presidents 
of the institutions which he had set up should be members. I sit 
on that board as President of Carnegie Institution. In recent years 
we have developed an interesting relation to the Corporation, in 
that we have advised regarding scientific problems presented to 
that body. There is here tomorrow a meeting of the Committee 
on Cosmic Ray Research, set up through use of money furnished 
to us by the Corporation to meet requests from leading investt- 
gators. We have also given the cosmic-ray investigators use of our 
facilities, such as the station at Huancayo in Peru, situated about 
11,000 feet up in the Andes, ‘This station has proved a useful in- 
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strument, because we have there a highly trained personnel at a 
locality of exceptional importance in cosmic ray research. 

The Corporation has also given support to many of our projects, 
and I am suggesting to you today a resolution of appreciation for 
such aid from the Corporation. These contributions have helped 
us greatly in study of a large number of projects. A considerable 
percentage of these problems are not things that relate directly to 
our regular constituted activities, but are of such a nature that we 
can use our mechanism in furthering work which needs support of 
an operating institution. 


INSTITUTION ACHIEVEMENTS 


We have talked thus far about some of our ideals, and concerning 
modes of organization and procedure. You may quite naturally 
expect me to say something regarding what we have accomplished. 
But for the list of things done there is, I believe, wisdom in asking 
you to examine the Year Book, where the story is told in full. 
If for no other reason I make the suggestion because the fullness 
of the report is itself impressive. 

If report is made on a large project near completion, there 
should be mention of progress in the Department of Meridian 
Astrometry in determination of star positions. This year we have 
reduced the budget for this work and in the course of the coming 
year the report will be finished. This will be a case in which we 
actually complete a major work. A great deal of money, ap- 
proximately $875,000, has been spent in finding the precise posi- 
tions of stars, a very important work, but it should be concluded 
according to the original plan. 

Of things beginning, which are of significance, mention may be 
made of the fact that the Carnegie Corporation has given us 
$10,000 for a project on high pressure studies at the Geophysical 
Laboratory, which Dr. Day has wished to carry forward. A few 
years ago, we advanced the possibility of work on study of condi- 
tions that exist in the interior of the earth by remodeling some 
parts of the Geophysical Laboratory and providing a new heating 
plant. These changes, collectively, gave further opportunity for 
research in the high-pressure laboratory. 

Yesterday, at the Executive Committee meeting, we discussed 
a further extended study of certain aspects of the problem of 
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climate. Everybody here knows that the Carnegie Institution has 
made what is one of the great contributions to the study of weather 
through the work of V. Bjerknes, of Norway. Byjerknes’ father was 
a great mathematician, inclined to physics, and Victor Bjerknes is 
a mathematical physicst concerned with the study of the hydro- 
dynamics of the atmosphere. The grandson is a meteorologist, and 
it is out of the work of V. Bjerknes that there has come the basis 
of the modern program of weather study and prediction. We are 
giving this year a further grant to V. Bjerknes in which, by the 
way, he is applying his hydrodynamics rather more specifically to 
meteorological problems. This will be one of the greater con- 
tributions in the history of weather research. 

Governor Forbes was in my office last year when the grandson of 
the first Bjerknes called. He said, ““My father asked me to present 
his compliments and to tell you how his work is proceeding. My 
grandfather,” he said, ““was a mathematician, and my father is a 
physicist, and I am a meteorologist.” 

The next step, with which we are now concerned, is the longer- 
range study of what might be called climatic variation over the 
years, and for that we are focusing upon the work of A. E. Douglass 
on tree-rings, closely related to the work of Dr. Abbot on the vari- 
ation of radiation from the sun, which, in turn, is related to the 
work of Mount Wilson on sun-spot variation. We are now setting 
up a program which will assemble results from the work of Douglass 
bearing upon study of climatic variation. We are bringing to- 
gether a group of the most able persons to be found. These in- 
clude Dr. Bartels from Germany, who is one of the best men in 
that field, and Dr. S. Chapman, an eminent mathematical physicist 
of England. Both have worked with us in the Department of 
Terrestrial Magnetism. 


ULtTimaTE OBJECTIVES OF THE INSTITUTION 


In conclusion may I say that in the Report of the President, al- 
ready in your hands, attention is called to another important 
aspect of the contribution from research, one that is increasingly 
clear as our program advances. This is the idea that in last analy- 
sis it is not alone what science does for material benefits, or what it 
does to modify our environment, that influences civilization and 
affects life broadly. 
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In spite of all that is done by the many contributions of science 
to influence our lives, we have still to ask, ““‘What does this have to 
do with the developing thought of man and with his attitude 
toward the world in which he lives?”” We cannot forget that the 
effect of these things may be just what some describe when they 
criticize science; it might only be getting us deeper and deeper into 
difficulties; or, if we use it all to best advantage, it may lift us to 
higher and higher levels. 

Knowledge is much more dangerous than fire and water, which 
are said to be good servants but bad masters. We must set watch 
to see that knowledge as we acquire it is so utilized as to develop our 
attitude toward life in such manner as to raise us to a level of 
bettered appreciation. If possible, it should contribute toward 
advance in the intellectual and spiritual evolution of mankind. 

I see no reason why we should not go on developing, at any rate 
in fundamental capacity to use the knowledge available. One of 
the greatest of all things to be considered in study of the work of 
the Carnegie Institution is, What is the ultimate influence of sci- 
ence, as we express it, upon the thought of mankind and upon our 
attitude toward life? 

I make no criticism of those who feel that religion will save us. 
I have no criticism of those who think that philosophy will save 
us. I have much sympathy with my numerous friends who be- 
lieve that art will save us. It is to be assumed, however, that it 
will not be any one of these things alone, but rather a combination, 
and that science will have its part. 

Even if in the world of economics and politics we are not able to 
solve all problems immediately by the scientific method, it will still 
be true that you cannot advance without understanding, and 
without the use of facts. One group of these facts may concern 
development of better understanding of the emotional life. There 
may be scientists who hold that there is no such thing as signifi- 
cant emotional life; that everything is to be based upon mathe- 
matical formule. So, with these last remarks as to the types of 
influence which the Carnegie Institution may have, I will ask you 
to read the Year Book, and to meet the investigators while they 
are here ready to discuss their problems with you today. 


EXCERPTS FROM THE PRESIDENT’S ANNUAL 
REPORTS 


RESEARCHES ON NEw ProBLEMS CONSIDERED 
Carnegie Institution of Washington Year Book No. 20, pp. 9-10, 1921. 


LTHOUGH it may be difficult to define precisely the function 
of the Institution in general or at any particular moment, it 
A tk is clearly the duty of this organization to lend its aid, 
Tester possible, to advance fundamental knowledge 1 in fields which 
are not normally covered by the efforts of other agencies, or in which 
other research bodies may find difficulty in initiation of projects. 
It is evident that as a part of its purpose the Institution must look 
forward to giving its support in putting into operation researches 
upon some of these more difficult subjects. We could be helpful in 
cases of this nature through use of our organization as an initiating 
mechanism, although the ultimate conduct of the investigations 
might be under other auspices. 

Problems which promise large return for such future investigation 
are found in the field of seismology or earthquake study and in the 
general region of human behavior considered in the widest sense and 
recognized as a problem of strictly biological or physical research 
rather than as a question of sociology. In the course of the year 
the Institution has been interested in studies in these fields. 

In seismology, an advisory committee has been organized under 
the chairmanship of Dr. Arthur L. Day, Director of the Geophysical 
Laboratory. Seven of the leading students of geological science and 
of physics have accepted membership in the committee and have 
done much to bring into close and active cooperation the various 
agencies of the country concerned with earthquake studies. Within 
the short time in which this committee has been in operation it has 
gone far to place seismological research in a position to make mate- 
rial advance in our understanding of movements of the earth’s crust, 
and thereby ultimately to contribute much toward maintenance 
of the security and happiness of people inhabiting earthquake 
regions. 

An investigation into the problems of human behavior, constitut- 
2564 


EXCERPTS FROM THE PRESIDENT’S ANNUAL REPORTS 2565 


ing the second subject to be examined, has been given only brief 
consideration. It represents one of the most difficult of all re- 
searches, but is not second to any other question in the possibilities 
offered. Without reference to immediate practical use of knowl- 
edge of human behavior in control of our affairs, research in this 
field offers an exceptional opportunity for work on the biological or 
physical basis of human behavior and on the significance of individ- 
ual and group differences. In the present status of this question 
the study concerns mainly the nature of present knowledge and the 
approaches to research which seem to offer the largest possibilities 
for securing new points of view or new combinations of effort that 
may open aspects of the work not previously considered. 


PRESENT PROBLEMS 
Carnegie Institution of Washington Year Book No. 21, pp. 4-5, 1922. 


The fact that the Carnegie Institution of Washington 1s devoted to 
fundamental investigations is sometimes understood to mean that its 
problems are therefore identical with those of other investigating 
organizations. Although this is true in the generic sense, each of the 
several types of research activities in this country has its peculiar 
problem. The kinds of work overlap, but each body has an individ- 
uality and should have a special function making possible a special 
contribution. It is this differentiation in purpose that, with full co- 
operation, makes possible the greatest advances in knowledge. 

While it is the part of scientific efficiency to encourage concentra- 
tion of certain research institutions upon particular questions, it is 
improbable that we shall ever make the assumption that any one of 
these has exclusive rights to any special subject. However this type 
of differentiation may shape itself, it will always be desirable to have 
among the various research bodies a general difference in attitude 
toward problems. It is in this aspect of definition or function that 
we can see most clearly how the Carnegie Institution 1s to meet its 
peculiar obligations without destructive competition and without 
hindrance to other work. 

In universities the indispensable element of research must always 
have such free range as will make it possible for the instructor to 
keep a vivid interest in the constructive use of knowledge and thus 
be able to develop this attitude in his students. But universities 
deal by definition with the whole breadth of knowledge and must 
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work continuously in all the major groups of subjects. It is there 
fore inevitable that under normal conditions research support in 
these institutions will be rather evenly distributed over the whole 
range of subjects in the curriculum, with relatively small opportu- 
nity for stress in any one field. The great and competent government 
service agencies give themselves with increasing measure to consid- 
eration of research problems. Presumably this emphasis will grow 
as the possibility and need of new knowledge become clearer. In 
general the activities of this group of departments will naturally be 
distributed over fields in which there is direct demand for the early 
solution of problems relating to present needs of the community. 
The laboratories of industrial organizations have come to be among 
the most powerful agents in use and in support of research. Their 
activities are directed toward all regions in which materials may 
conceivably be found which will make for betterment of the indus- 
trial product or for efficiency in its use. The only limits set upon 
this aspect of research are those imposed by the requirement of 
fidelity to purposes for which the underlying funds are invested. 
This permits wide range but at the same time imposes restrictions. 
Without multiplying illustrations it may be permissible tocompare 
the situation in our Institution with that of the great research enter- 
prises mentioned. One outstanding feature of our foundation 1s 
that it has freedom to distribute its support widely or restrict it to 
any limits which seem desirable. It may take up researches for 
which a demand of the community happens to be urgent. It may 
consider those which are of evident importance but may not be 
needed in human application for a generation. It may select prob- 
lems rather than subjects and shift its emphasis from time to time as 
wisdom seems to warrant. Ina word, the characteristic of flexibil- 
ity with reference to problem, place, time, and method of organiza- 
tion, taken with freedom from the requirement of early application 
of the result, gives an opportunity somewhat different from that of 
other agencies. It offers the possibility of exploration into un- 
known regions which may furnish exceptional treasures. That such 
freedom of opportunity exists means in reality a responsibility for 
the doing of what may otherwise be difficult to undertake. It 
suggests that mere paralleling of other researches and failure to 
select those lines of activity for which we have exceptional advan- 
tages would mean evasion of the duty which our freedom imposes. 


EXCERPTS FROM THE PRESIDENT’S ANNUAL REPORTS 2567 


These considerations make it clear that with all fidelity to under- 
takings upon which we have embarked, and with the desire to realize 
accomplishment for all who are connected with this enterprise, we 
should continue to make the Institution an instrument for use espe- 
cially in work upon problems concerning the fundamental aspects of 
knowledge. We should make certain that our contribution is of 
service by reason of its intrinsic human value, because it may serve 
to supplement the work of other bodies devoting themselves to the 
search for new and useful information, and because it aims to inter- 
pret that which is fundamental. 


CooPpERATIVE RESEARCH 
Carnegie Institution of Washington Year Book No. 21, pp. 9-12, 1922. 


It is interesting to note in the work of the Institution a tendency 
to reach toward still more complicated and difficult problems 
through the medium of cooperative plans. 

Although the major part of the work of the Institution is con- 
ducted through regularly organized departments, it has also been 
our pleasure to cooperate with a large number of distinguished in- 
vestigators situated in universities, special research institutions, 
government laboratories, museums, and industrial agencies scat- 
tered widely over the country. No better illustration of our rela- 
tion to other work can be found than that shown in the long-standing 
arrangement with Thomas B. Osborne, of the Connecticut Agricul- 
tural Experiment Station, and L. B. Mendel, of Yale University. 
By this plan Dr. Osborne and Dr. Mendel, considering the problems 
of nutrition from different points of view but acting in closest co- 
operation, carry on a series of studies on certain agents in nutrition, 
including the vitamines, which are at the same time enormously 
important and extremely elusive. These researches are funda- 
mental scientific work in biology and chemistry. At the same time 
they are of such importance in nutrition and medicine that the 
future of much that is critical in these subjects will be dependent 
upon the work now under way in the several laboratories of this 
country and Europe giving special attention to this field. 

An extremely interesting example of cooperative investigation 
by a department of the Institution and another important agency 
in a related field is furnished by studies of the structure of matter 
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undertaken jointly by Mount Wilson Observatory and California 
Institute of Technology. Investigations in the field of astrophysics 
carried on with such extraordinary success at Mount Wilson have 
shown that further advance in astronomical research requires a 
better understanding of the nature of matter. At the same time 
it has been clear that the researches in engineering at the California 
Institute of Technology point constantly toward the need for better 
understanding of the structure of matter to further advance in 
engineering knowledge. It has therefore seemed desirable for these 
two institutions to join forces in this special research and to bring to 
their assistance a group of the most distinguished men available 
in the world. : 

California Institute considers the problem of matter, in its well- 
equipped physical and chemical laboratories, under the immediate 
direction of such distinguished investigators as Dr. R. A. Millikan in 
physics and Dr. A. A. Noyesin chemistry. Mount Wilson Observa- 
tory makes use of the sun and stars and observes experiments in 
progress with the aid of the telescope and the spectroscope. At 
the same time the laboratories forming a part of the equipment of 
the Observatory attempt to check, and in a measure reproduce, 
certain of the effects seen or suggested by study of the sun. Coop- 
erating investigators, such as Professor H. A. Lorentz, of Haarlem, 
and Professor Paul Epstein, formerly of Leiden, were brought to the 
California Institute for conference, while Dr. A. A. Michelson, of 
Chicago, Dr. Henry Norris Russell, of Princeton, the late Dr. J. C. 
Kapteyn, of Groningen, Dr. C. G. Abbot, of the Smithsonian Insti- 
tution, and others cooperating with the Observatory have helped to 
forward this investigation. In order to further the progress of this 
work the Carnegie Corporation of New York has made an appro- 
priation of $30,000 a year for five years. By means of this grant 
Dr. Millikan and Dr. Noyes, of California Institute, are made 
research associates of the Carnegie Institution, thus making possible 
more rapid advance in this series of cooperative studies. 

In the report of 1921 mention was made of the initiation of investi- 
gations in seismology or the study of earthquakes. The problem 
involves study of the nature of movements of the earth’s crust and 
the expression of these movements in earthquakes, which are both 
geological and physical phenomena. This series of investigations 
should ultimately give us a knowledge of earthquakes which will 
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make possible a diminution of their danger by teaching us how it 
may be met. The study must be approached in such a way as to 
bring to bear the most advanced views in all the sciences concerned 
with problems of the earth’s crust. 

Under the guidance of an able advisory committee consisting of 
J. A. Anderson, physicist of Mount Wilson Observatory; Ralph 
Arnold, consulting geologist; W. W. Campbell, Director of Lick 
Observatory; A. L. Day, Director of Geophysical Laboratory of the 
Carnegie Institution of Washington; A. C. Lawson, Professor of 
Geology at the University of California; R. A. Millikan, Director 
of the Norman Bridge Laboratory of Physics of the California 
Institute of Technology; Harry Fielding Reid, geologist and physi- 
cist of Johns Hopkins University, and Bailey Willis, Professor of 
Geology at Stanford University, a plan has been worked out for 
attack on the fundamental questions involved in earthquake study. 
Marked advance has been made during the past year, and it is most 
gratifying to report the whole-hearted cooperation of a wide range of 
the most important agencies in America concerned with the phenom- 
ena involved in crustal movements. The United States Geological 
Survey has undertaken the preparation of detailed maps covering 
areas of active earthquake movement along the great San Andreas 
fault or rift in California. The United States Coast and Geodetic 
Survey has entered upon the work of exact triangulation of certain 
regions of California which have been affected by earth movements. 
This survey is conducted with a view to securing detailed informa- 
tion regarding the shift of the earth’s crust which has occurred in 
connection with recent earthquakes. It involves a piece of careful 
observation such as could be conducted satisfactorily only by an 
agency like the Coast and Geodetic Survey. The several astronom- 
ical observatories of the Pacific Coast are contributing data which 
will assist in the final determination of questions relating to move- 
ments of the earth’s crust. Lick Observatory at Mount Hamilton 
is providing a special instrument for studies in this field. The 
Hydrographic Office of the Navy Department of the United States 
is cooperating through arrangement to equip two destroyers with 
appropriate devices by which they will carry out an elaborate series 
of soundings along the Pacific Coast. ‘This operation is expected to 
locate such abrupt changes in the floor of the sea as may indicate the 
faults or breaks in the earth’s crust that have extended from lines 
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of weakness on land into areas beneath the sea. The Bureau of 
Standards of the Department of Commerce has made important 
contribution through assistance of experts whose advice has been 
needed in the construction of new instruments to be used in the 
detection of delicate earth tremors in earthquake regions. Califor- 
nia Institute of Technology, in cooperation with Mount Wilson 
Observatory, has given both the services of members of the staff 
and assistance in construction of instruments. The list of contrib- 
uting agencies should be extended to include the universities of the 
Pacific Coast and many other bodies desiring to give their assistance 
in the effort toward solution of the complicated problem. 

Dr. Arthur L. Day, Chairman of the Advisory Committee, has 
visited personally all of the cooperating agencies and has given close 
attention to the development of this most interesting program of 
constructive study. Dr. H. O. Wood, Research Associate in Seis- 
mology, has been in charge of the field reconnaissance for the Instt- 
tution. It is important to note that in this study the interests 
concerned are not merely cooperating—they are advancing knowl- 
edge in each of the subjects involved and at the same time promoting 
an understanding of the earthquake problem. 


FELLOWSHIPS 
Carnegie Institution of Washington Year Book No. 22, p. 12, 1923. 


In 1921 a plan was approved for establishment of a small group of 
fellows in the Institution for the purpose of offering opportunity for 
association with our staff to a limited number of persons desiring 
to take up work in the Institution on a temporary basis. This plan 
was initiated with the understanding that the fellows of the Institu- 
tion would be persons having exceptional interest in research and 
adequate preparation for undertaking work on problems relating 
to our general program. Appointments of fellows have been made 
in the Departments of Embryology, History, Plant Physiology, and 
Geophysical Laboratory. 


UNIQUE OPPORTUNITIES OF THE INSTITUTION 
Carnegie Institution of Washington Year Book No. 23, pp. 10-11, 1924. 


While, in the true meaning of education, the Institution’s contri- 
butions and contacts may be among the most significant of those 
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leading to the informing, and therefore the educating, of students 
in the after-graduation stage, the seeming isolation of this group of 
workers is sometimes mistaken for aloofness. The organization of 
our investigations around projects, representing fields of study in 
which it is especially opportune to have expansion of knowledge, 
differs from commonly adopted plans in which a general subject 
such as Greek or zoology is made the area or department in which 
research is to be conducted. 

Added to other peculiar features, the location of departments or 
investigators wherever their work can be carried on to best advan- 
tage has made the group of characters of this Institution still more 
striking. While many great organizations are to-day giving most 
careful thought to the suggestion that separation of their depart- 
ments by the width of a city, or by only a few city blocks, may 
constitute an obstacle in the way of correlated effort or institutional 
efficiency, the map of our interests shows important agencies rang- 
ing from Boston, through Long Island, District of Columbia, Califor- 
nia, South America, and Australia. But it should be remembered 
that the departments of this Institution have been located generally 
where they can function to best advantage. The magnetic observa- 
tories at Huancayo in Peru and Watheroo in Australia are on opposite 
sides of the earth because the data from opposite sides are especially 
desired. After much careful investigation, the site of the astronom- 
ical station on Mount Wilson was selected because of its fitness for a 
special work. Dr. Mayor chose the Dry Tortugas rather than Long 
Island because he considered it better suited to the purpose of his 
studies in marine biology. 

While the loss due to geographic separation of related interests 
must be considerable, the possibilities of this plan of operation may 
be relatively large if close cooperation is established. One of the 
major opportunities for the future of the Institution lies in just this 
mutual support between highly developed agencies with exception- 
ally favorable situation. In such unity there is an opportunity not 
open in the same way to other kinds of organizations. 

Such cooperation has, for example, been found by conference of 
our investigators to be especially favorable in the field of life develop- 
ment including genetics, experimental evolution, ecology, embryol- 
ogy, nutrition, plant physiology, and marine biology. These 
departments, groups of investigators, and individual researchers, 
scattered widely over the country, are conducting some of the best 
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organized attacks on problems relating to the nature of heredity, 
the development of the individual, the influence of environment, and 
other critical questions touching the great problem of growth or 
development in the life world. Individually these activities make 
most significant contributions to advancement of knowledge. This 
opportunity for expression of individual and departmental initiative 
is enormously important in such a field as research, concerning little- 
known or imperfectly understood questions and with the avowed 
object of discovering what is yet outside the boundaries of knowl- 
edge. But the fact that there are many points of view and differ- 
ences in location and environment of the agencies represented makes 
possible, through the flexible organization of the Institution, a kind 
of study of these questions which would be much more difficult by 
other methods of attack. It may be that the way is now open for a 
much larger realization of result for each and all than has heretofore 
been within reach. Such advance would necessarily involve also 
the closest relation to those agencies outside the Institution with 
which there can be advantageous cooperation. 

The peculiarities of the Institution as to purpose, organization, 
and location open possibilities for ultimate diminishing of its useful- 
ness if it 1s operated in the same manner as other bodies with some- 
what different aims and structure. If we conduct our work on the 
plans best fitted to our real aims the admitted disadvantages may be 
in considerable measure overcome, and many apparent handicaps 
will be found blessings only moderately disguised—Dr. Adams in 
his work at Mount Wilson found that just because the absolute 
magnitude of stars is disguised by distance, the discovery of new 
means for determining the absolute magnitude made it possible to 
estimate the distance. This gave a method which opened the way 
for great advances in our knowledge of the universe. So, with 
careful study of our problem of organization, we will learn ultimately 
to turn what seems like adversity to advantage. 


FINANCIAL Provision FoR ContTinuinc DEVELOPMENT 
Carnegie Institution of Washington Year Book No. 23, pp. 14-15, 1924. 

There can be little doubt that the trend both of expenditure and of 
opportunity for accomplishment so clearly shown in the history of 
the Institution indicates in a general way the probabilities for the 
next generation. Mr. Carnegie had a vision of the need for research 
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when the Institution was founded. He realized that a period of 
utilization of great natural resources would be followed by a stage 
in which intensified investigation of materials, and of methods, 
would be necessary if the normal progress of civilization be con- 
tinued. The situation Mr. Carnegie saw is now being realized. 
It is also clear that the present advance of constructive work is a 
mere beginning compared with requirements of the future. The 
opportunity for service by the Institution through contribution 
in fundamental research will be greatly increased. ‘There is every 
indication that at the same time we may expect diminishing pur- 
chasing power of the resources upon which our work is dependent. 
If the Institution is to continue serving in a measure corresponding 
to what it has given heretofore, it is essential that some plan be 
developed by which its resources can be increased, at least to an 
extent comparable to the reduction in purchasing power. 

By reason of the kind of attack which this organization makes 
upon research problems, it lacks those means for enlarging income 
which are available to most agencies concerned with advancement of 
knowledge. We do not have a rapidly growing body of supporters 
with the intimate relation expressed in the alumni of educational 
institutions, nor do we have the possibility of added income arising 
through modification of tax rate as in government-supported 
agencies. Unless the Institution allows itself to become dependent 
for its advance upon continually increasing gifts, a method must be 
devised by which, through regular addition to endowment, a grow- 
ing interest return or income can be secured for support of regular 
operations. Even if considerable funds were obtained by gift, it 
would be desirable to add a large part if not all of the interest from 
such sums to endowment and to use for operating expenses only the 
interest upon such additions. 

Without external assistance, a beginning can be made by so 
organizing our program as to permit adding a moderate amount to 
endowment each year, thus slowly increasing the income. How- 
ever difficult it might seem to put such a plan into operation at a 
time when larger funds could be expended to advantage, it would be 
better to suffer the temporary discomfort incident to such readjust- 
ment, and build for a developing program, than to face the cer- 
tainty of diminishing effectiveness. 
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INTERDEPARTMENTAL COOPERATION 
Carnegie Institution of Washington Year Book No. 24, pp. 13-14, 1925. 


Success in the research program of the Institution depends ulti- 
mately upon initiative of individuals who derive their greatest 
pleasure from constructive studies. Our organization reaches its 
highest level of effectiveness when full advantage is taken of initia- 
tive arising in members of the staff concerned with the specific 
investigations planned. Organization of departments and other 
groups offers opportunity for combined attack in which each individ- 
ual profits by united effort of the group. In addition to effectiveness 
of departmental agencies, it is also being demonstrated that there 
are large possibilities of progress in united endeavor of departments 
and other divisions of the Institution initiated for the purpose of 
solving problems of mutual interest. 

In the course of the past year a number of significant investiga- 
tions have developed within the Institution through cooperation 
and mutual support of departments or other agencies joining in 
attack on problems in which there are common objectives, but for 
which no single group 1s equipped to handle all researches necessary. 
Illustration of such combined effort is furnished by a program of 
the Geophysical Laboratory and the Department of Terrestrial Mag- 
netism, initiated for study of effect of high pressures upon the critical 
temperatures of magnetization of materials contributing largely to 
the mass of the earth. This research already gives promise of 
important results. 

This type of research 1s illustrated in the field of biology by an 
investigation in which H. M. Hall, engaged in taxonomic and eco- 
logical studies, is cooperating with E. B. Babcock, a student of 
genetics, for investigation of variability in a group of plants, shifted 
from their normal environment to other conditions, under which 
they are allowed to grow for a period of several years. Dr. Hall, 
as a student of taxonomy acquainted with minute variations in 
external characters, follows from year to year the tendency of these 
transplants to change their form and superficial characters. Dr. 
Babcock makes inquiry more especially as to fundamental modifica- 
tions in cell structure and nature of the hereditary materials. By 
this combination of studies, understanding is reached regarding 
extent to which variability, coincident with change of conditions, 
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indicates fundamental modification of type, and concerning extent 
to which it is merely temporary response to influence of environment 
or nutrition without alteration of fundamental nature of the plant. 

A further plan for cooperative study to be undertaken in the im- 
mediate future is illustrated in appointment of a committee, repre- 
senting two departments of the Institution with investigators from 
outside agencies, brought together for the purpose of research on 
physical features of the surface of the moon. This Committee con- 
sists of Dr. Adams and Mr. Pease, of Mount Wilson Observatory; 
Dr. Day and Dr. Wright, of the Geophysical Laboratory; Dr. John 
P. Buwalda and Dr. Paul S. Epstein, of California Institute of 
Technology; and Dr. W. W. Campbell, Director of Lick Observa- 
tory. The astronomer will interpret the moon by means developed 
through long years of careful study of its surface. The physicist 
and mathematician will approach the problem as experts on physical 
laws as they are expected to operate. The geologist, volcanologist, 
geophysicist, and physiographer will interpret the surface of the 
moon in the light of knowledge acquired from corresponding studies 
of the earth. Such an investigation, initiated with large accumula- 
tion of information available from previous researches, will unques- 
tionably make important contribution to physics, to astronomy, and 
ultimately to knowledge of physical features of the earth. 


EARTHQUAKE STUDY AS A WORLD PROBLEM FOR ALL [TIME 
Carnegie Institution of Washington Year Book No. 25, pp. 7-9, 1926. 


Reports to the Trustees in recent years have contained reference 
to the program of earthquake research carried on by advice and 
direction of a committee established and financed by the Carnegie 
Institution. In 1922, 1923 and 1925 reference was made to the 
type of organization utilized and to the peculiarly important 
relationships established with other agencies. 

This research is now in operation through various institutions on 
the Pacific Coast. In the present year it enters a period of intensive 
study through utilization of new instruments, new stations, and the 
support of investigational effort from many fields of study concerned 
with physics of the earth’s crust. In approaching this stage of the 
investigation one is impressed with the magnitude of the task, and 
with the opportunity offered for contribution to the fundamentals 
of science and toward meeting a human need of the continuing type. 
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The greater dangers to mankind are in part of such a nature that 
we may some time hope to eliminate them completely. Among 
these are the scourges of disease. It is probably within reach of 
applied science to discover, combat, and destroy many of the 
organisms which produce disease. Other sources of danger to life 
and property, such as storms and earthquakes, we can not control, 
but through study of their causes and habits we may reach a stage of 
knowledge at which they will cease to menace our happiness. 

Earthquakes are phenomena arising from natural causes in devel- 
opment or evolution of the world. They are one form of expression 
of movements in the earth’s crust which have given us the contrast of 
land and water areas, and which form the hills and mountains with 
their great range in topography, climate, and life. There is no 
doubt that earthquakes have characterized this world for hundreds 
of millions of years. The physical constitution of the earth indi- 
cates that they will continue for at least a similar period. Within 
historic time they have been the cause of great tragedies, and of 
much collateral unhappiness. They are a potential source of 
continuing catastrophes. With increase of population their possibil- 
ities of destruction increase. We have no suggestion that man 
can ever in any sense halt or guide these movements. Research 
leads us to believe that we can come to understand them fully and 
thus avoid their dangers. 

The function of science in relation to this feature of earth activity 
is one of long-continued, intensive research, requiring cooperation of 
outstanding students in the fields of physics, geophysics, geology, 
and engineering. Application of the knowledge which these investi- 
gators secure can be made only by continuing clear understanding 
of the problem in its most fundamental form, and by education of 
investigators and of the public through all that future time in which 
man and civilization shall last. 

Although the Carnegie Institution has financed a considerable 
part of the researches mentioned, the success of the program thus 
far is due in large measure to cooperation of other organizations, 
including departments of the Government, universities, and other 
types of research or educational institutions. 

Coincident with development of methods for scientific attack upon 
the problems of seismology, there has been extraordinary growth of 
public interest in the work of making the scientific results imme- 
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diately available for application to save and protect life, and to 
furnish those guaranties of safety so important for the morale of 
every people. 

At the present moment the situation relating to furtherance of 
research in this field, and for application of its results for the benefit 
of mankind, reaches beyond the stage which might have been ex- 
pected at this time. Advance in development of the technique in 
seismology, and in recognition of need for cooperation of many 
aspects of science to solve its problems, has brought about a situa- 
tion in which one sees more clearly than at any past time the true 
nature of the problem and the rewards to follow its solution. 

It has also become clearer that in its geological aspects, as well as 
in its humanitarian application, the study of earth movements 
must be conducted on the basis of world study. It is not merely 
the local structure and activities of the earth that we need for full 
interpretation of this subject; there must be available full knowledge 
of the conditions obtaining through and around the earth as a whole. 
The Third Pan-Pacific Science Congress now 1n session in Japan has 
offered an exceptional opportunity for consideration of world aspects 
of the problem. Arthur L. Day, Chairman of the Advisory Com- 
mittee on Seismology, represents the Institution at these meetings, 
together with other members of the Committee, and will have 
opportunity to obtain a view of the situation which will be helpful 
in support of the program now under way in America. 


CONTRIBUTION To Discussion oF RESEARCH 
Carnegie Institution of Washington Year Book No. 25, p. 11, 1926. 


The activities of the departments and investigators in making 
results of our scientific contribution easily available form a signifi- 
cant contribution by the Institution to advancement and apprecia- 
tion of knowledge in the field of science. They stimulate the 
movement of research in the special subjects upon which we are 
engaged, and contribute toward corresponding advances in related 
subjects. 

Our relation to the interested public, which reads on matters of 
science and utilizes all such material for guidance in clear thinking, 
represents an important opportunity for assistance in development 
of that attitude of mind in which use of facts and logic gives the basis 
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of judgment. It is clear that advance of science, and ultimate 
consolidation of results of research, depend in large measure upon 
the extent to which the public has opportunity to understand and 
to appreciate fully the meaning of the scientific method. 


THe Quarter Century Marx 
Carnegie Institution of Washington Year Book No. 26, pp. 5-6, 1927. 


The experience of the Institution during the quarter century of 
its effort to serve as a special means for advancement of knowledge 
furnishes material which will have real value in future study of the 
place of research in the scheme of human activities. It is too early 
for anything more than the most general statement regarding the 
meaning of accumulated data, but the trend of movement in organ- 
ization and operation of the Institution is of significance in formu- 
lating our plans for future work. 

In the early stages of operation, activities of the Institution were 
directed toward support of a relatively wide range of subjects, and 
the grants were commonly for specific projects and for limited 
periods. An important stimulus to constructive work in many 
types of agencies seems to have resulted. In time the tendency 
developed to direct effort towards certain major projects the solu- 
tion of which required longer periods and greater opportunity for 
concentration of funds. This movement resulted in development 
of departments devoted each to its specific subject and under 
leadership of an investigator bringing exceptional vision and ability. 
The system of minor grants for special projects, or to distinguished 
individuals, was continued, but in many cases advantage was found 
in relating the problem covered by the special grant to work of a 
department of the Institution especially fitted to cooperate with the 
investigator. The result was a contribution consisting both of 
funds for support of and assistance by an actively investigating 
agency. 

In later stages of the Institution’s work, real advantage has 
appeared in a relation between departments comparable to that 
which had developed in some instances between departments and 
individual investigators. The favorable features of continuous, 
concentrated effort upon specific subjects in departments have been 
supplemented by active interest and support of related agencies 
within the same larger group. 
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The Institution today contains all of the elements that have 
arisen in the course of study of its problem. There are still widely 
distributed special grants. The greater departmental activities 
still represent concentrated effort in specific fields. The increasing 
mutual support has not diminished initiative of the individual or of 
the group, but it has added an element which with the passing of 
time becomes more and more valuable, both in effort to concentrate 
upon special projects and in keeping that view of the larger field so 
desirable in long-continued researches. 


RELATION OF THE INSTITUTION TO THE PUBLIC 
Carnegie Institution of Washington Year Book No. 27, pp. 12-13, 1928. 


Of the various types of contacts of the Carnegie Institution with 
the scientific and lay public the broadest and most definite influence 
has been through publication of results of researches. There is to 
to be counted in addition the direct expression of work completed 
appearing in lectures and exhibits presented in the name of the 
Institution. There is also the indirect influence unconsciously 
exerted through personal and administrative relations in conduct 
of regular operations of the Institution. 

The influence of published results of scientific work is always far- 
reaching, but the total value depends in considerable measure upon 
whether the data are made available quickly and fully for the agen- 
cies, or interests, or groups of people to whom they can be most 
useful. 

The contacts of the Institution with the outside world through 
its publication program have shifted steadily toward a position in 
which our technical books are printed and issued more quickly, 
obtain more diversified distribution through varying sizes of edi- 
tions, are distributed to a wider group of agencies, and have broader 
and more rapid distribution to those specialists who have largest 
use for them. As indicated in earlier reports, various methods are 
now utilized by which, in a dignified way, the more generally used 
technical books have increased sale through the book trade, as is 
illustrated in the case of Sarton’s Introduction to the History of 
Science. 

It may not be wise to attempt translation of all scientific treatises 
into popular language, but it may be assumed that, with the plans 
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now developing, future years will bring an increasing group of publi- 
cations of general interest in the form of books and by other means 
through which the wide-reading public may have acquaintance with 
the work as it proceeds. | 

The carefully prepared releases, arising from accounts of re- 
searches furnished by the investigators, and appearing in form 
acceptable to the public press, have served as a means of extending 
clear statements regarding work in progress to many millions of 
persons. There is increasing demand for such announcements, and 
there is reason to believe that they serve as an important medium 
for transmitting information regarding results obtained, both to the 
lay public and to the scientific world. For the coming year special 
arrangements have been made for issuing these statements, together 
with lists of publications, to all members of the Institution and to 
others who may be interested. 

There is continuous study of the plan of the Institution with refer- 
ence to methods by which the materials 1t produces reach those indi- 
viduals, and groups, and institutions through which the knowledge 
obtained can become effective in human use. It is to be assumed 
that refinement of this process will not only give somewhat increased 
value to the work accomplished, but that it will also furnish a larger 
measure of satisfaction to those engaged in the researches through 
recognition of widened utilization and appreciation of results. 


DEVELOPMENT OF COOPERATIVE PROJECTS: SEISMOLOGY AND 
Human BEHAVIOR 


Carnegie Institution of Washington Year Book No. 28, pp. 13-16, 1929. 


In the report of the President in 1921 attention was called to the 
opportunity of the Institution for aiding in the advancement of 
fundamental research through the use of its organization “as an 
initiating mechanism.” Illustration was given of two fields in 
which informal committees might do important work in examina- 
tion of critical subjects. 

The regions for study specifically mentioned were seismology and 
certain fundamental aspects of human behavior. It was pointed 
out that in future geological science, examination of crustal move- 
ments in operation would have important bearing upon our inter- 
pretation of the nature of the Earth. In consideration of the second 
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group of researches 1t was suggested that carefully planned investt- 
gations in various aspects of biology now under investigation in the 
Institution would have value for interpretation of some of the more 
important problems in human behavior. 

Two committees of distinguished investigators were invited to 
participate in examination of the problems proposed. In the course 
of the past eight years both lines of inquiry have been followed 
continuously. Both studies have now reached a point at which they 
have in a considerable measure attained the goal as originally visual- 
ized. 

The committee of investigators in geology, geophysics, physics, 
and mathematics who were invited to participate in studies of 
seismology carried out a program which was concerned with develop- 
ment of new types of instruments, and with the setting up of proj- 
ects for intensive study of specific regions on the basis of new 
methods. It has interested itself also in seismology as a world 
study related to the general problem of crustal movements. The 
results attained from year to year are noted in the reports of the 
President and of Dr. Arthur L. Day, Chairman of the Advisory 
Committee in Seismology, in the volumes of the Year Book since 
1921. 

For the investigation of certain special aspects of the problem 
of seismology it was considered important to organize a special 
program centering in a laboratory 1 in Southern California. Through 
the cooperation of many agencies, including especially California 
Institute of Technology, such a plan was put into operation under 
extremely favorable conditions. 

As a part of the plan of development arrangement was made to 
bring together the Advisory Committee and other specialists in this 
field for examination of the whole program as soon as the work 
should be sufficiently advanced to permit adequate examination of 
the mechanism in operation. The proposed conference was held 
during a period of two weeks in October of 1929. It resulted in a 
most interesting review of the status of investigation. The results 
of the conference emphasize the significance of this program as it 
has been formulated. 

With this experience of several years in operation of the plan for 
seismological study in California, and the extremely important 
review of the project by the Advisory Committee, the status of the 
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work is so clearly defined as to make it evident that continuing 
development of research in this field will have large significance in 
geological science and its human application. 

The investigations which have related more particularly to other 
parts of America, and to special localities in other lands, as illus- 
trated by the work of Dr. Willis in Chile, Asia Minor, and Central 
Africa, have also illustrated the importance of correlated researches 
and carefully planned work of the cooperative type. 

Operation of the Committee on Human Behavior has been even 
more informal than that of the Committee on Seismology. The 
meetings in 1922 and 1923 had as their major objective an attempt 
to define features of the problem of fundamental human reactions 
which might be reached to best advantage through studies of pre- 
natal development and of the earliest stages following birth. It was 
recognized that certain of the aspects of development of the nervous 
system and its reactions in these early stages would have great 
importance. 

Of the several phases of the problem the Committee expressed 
its view as to the exceptional interest, first, of an investigation of 
development of the morphology and physiology of the embryo with 
particular reference to reactions of the nervous system; second, as 
to intensive study of the reactions of the newly born individual; and 
third, as to the study of corresponding reactions of other organisms, 
especially those of types closely related to man. In the effort to 
follow out these types of research the Department of Embryology 
of the Institution was recognized as the natural instrument for 
furtherance of studies of the first group. The progress through this 
Department in the field, considered of such importance by the Com- 
mittee, presents a record in which the Institution may well have 
pride. The study of development of higher animals through this 
laboratory, as illustrated in the work of Dr. Hartmann in his re- 
search on monkeys of the macaque type, is one of the significant 
contributions in this field. 

In study of the corresponding reactions of higher organisms re- 
lated to man, special consideration was given to a program by which 
Dr. Robert M. Yerkes aimed to develop facilities for research on the 
higher anthropoids under conditions favorable for breeding and for 
extended study. In another direction an effort was made to assist 
in the organization of stations at which, for purposes of special 
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research, the gorilla might be examined under the conditions of its 
original habitat. 

The first of these two programs relating to study of higher ani- 
mals similar to man has been realized as the result of establishment 
of research on a most satisfactory basis by Yale University, with 
the support of the Rockefeller Foundation. The second project, 
relating to study of the gorilla in its normal environment, ts realized 
by the extremely significant action of His Majesty, the King of the 
Belgians, in setting aside in Central Africa an area, originally 
pointed out by Mr. Carl Akeley, which is exceptionally well fitted 
to be a preserve for biological and psychological studies of certain 
aspects of this peculiar fauna. 


RELATION TO THE PUBLIC 
Carnegie Institution of Washington Year Book No. 29, pp. 16-17, 1930. 


To carry out a program corresponding measurably to the oppor- 
tunity of the Institution, it is necessary that quarters be made 
available which would give rooms for conference of groups of Insti- 
tution investigators along with representatives of other agencies. 
There should be available a small group of offices which could be 
used for visitors engaged upon study of special questions. It is 
necessary also to have an auditorium of modest dimensions, which 
would accommodate audiences interested in the type of presentation 
of research results which has been carried forward successfully in 
recent years. Development of equipment of this nature should 
include some extension of the quarters designed for handling of 
publications of the Institution, including both technical monographs 
and those contributions which have to do with interpretation of our 
results. 

Determination of policy of the Institution with reference to these 
matters probably represents one of the most important questions 
for consideration at the present moment. Adequate expression 
of this aspect of work of the Institution may not be considered as 
indicating trend of interest away from fundamental research activi- 
ties. It is to be thought of only in the light of means through 
which work done by the Institution may attain a relatively high 
value for the scientific world, and also for the interested public. It 
is probable that long-continued research activity without attempt 
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to offer means for interpretation would definitely reduce the value 
of results obtained by the Institution. 

The tendency of modern science, philosophy, and education is to 
recognize that advance of knowledge does not depend merely upon 
accumulation of facts. There is involved, as one of the most im- 
portant features, the relation of these facts to others, and such a 
degree of interpretation as will permit attainment of their largest 
human value. 


RESEARCH AND HuMAN SERVICE; ENDING THE THIRD DECADE 
Carnegie Institution of Washington Year Book No. 30, pp. 2-7, 1931. 


With the ending of the second decade attention was turned 
toward functions of Institution research under a type of stress in 
which every human resource had been tested by stimulus and strain 
of war. In the present year, ending a third decade, we may not 
avoid considering values with the reaction of depression as a domi- 
nant feature. 

Within these two periods research has not been characterized by 
an even flow comparable to movement of passing years, but the 
volume has increased gradually with emphasis placed now here, 
now there. 

In each period of emergency there has been intensive study of the 
place and function of research with reference to needs of the special 
situation. There has been vigorous search for new materials with 
which to meet the requirements. But in spite of earnest endeavor, 
it has rarely been possible to secure aid through new research. The 
major achievements have been reached commonly by inventive use 
of existing materials through recombinations. These situations, 
however, exert large influence in stimulation of research. They 
serve to show that, with a considerable spread of years between the 
inception of a new and fundamental idea and its human application, 
there must be continuous study of those more clearly basic things 
upon which future science and its application will rest. If necessity 
is mother of invention, and invention is in considerable part the 
creative reorganization or combination of ideas and materials at 
hand, we must advance those types of fundamental work that 
produce the data which invention will use. 

From another viewpoint, experience in recent decades has fur- 
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nished important lessons bearing upon questions of organization, 
dissemination, and application of research results. If human 
emergencies are met commonly by the inventive or creative appli- 
cation of materials already at hand, it is necessary that, as a part of 
the movement to forearm, we prepare by adequate organization 
and by wide, carefully planned dissemination of information as it 
becomes available. Such activity is naturally the duty of educa- 
tion, but the first responsibility lies with agencies from which the 
material is derived. It is part of the function of these institutions 
to see that the data come into use, and that they become available 
in the many fields through which one might expect them to be 
applied. 

Among recent attempts to find means for adjustment in the 
unbalance of present day civilization is the suggestion of a mora- 
torium on research. The part which science plays in development 
of the present-day environment is probably large, and it is not sur- 
prising that in this situation honest suggestion has been made 
regarding its influence. According to one view, too much new 
knowledge confuses us. From another side it is intimated that in 
some way research is responsible for maladjustment in the rapid 
development of heavily mechanized modern life. 

That heterogeneous, unorganized new ideas may be dangerous to 
society is clear. This would be illustrated by use of new chemical 
compounds or newly discovered types of physical energy applied 
inexpertly in medical practice. Similar results may arise from 
unwise economic promotion in connection with introduction of new 
mechanical devices. Harm can be done through unwarranted 
philosophical or religious application of incomplete scientific 
hypotheses. But the evils which develop are not necessarily to be 
charged against the new knowledge as such. Generally they are 
compounded from inadequacy of knowledge and failure to recognize 
the need of additional correlated information. Human frailty 
taking the form of selfishness in use of new materials is a menace 
coordinate in significance with the dangers of ignorance and bad 
judgment. 

Science is only the truth about ourselves and the world around us, 
but truth in partial statement must be interpreted carefully and 
applied with every precaution until the story is seen to approach 
completeness. 
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The safety of humanity does not require a moratorium on increase - 
of honest knowledge. While half truths and unorganized or un- 
related facts constitute a real source of danger, what we need is 
more truth and the acceptance of knowledge for precisely what it is. 
Along with new information it is essential to have guidance regard- 
ing what to accept as fact and what to consider as merely tentative 
grouping of ideas for the purpose of testing theories. 

If the great volume of new data coming out of constructive work 
could be so classified and interpreted as to give us a clear picture 
of the actual state of advance in knowledge, and to make possible 
also some appreciation of relation between the various fields, there 
would be no suggestion that the progress of research be retarded. 

Experience of the Carnegie Institution has indicated that even 
in an agency which deals with exploration of new or little known 
problems, it 1s essential to have clear definition of objectives, well- 
planned organization, continuing acquaintance with the degrees of 
achievement, and adequate provision for use of the products of 
research. 

Full recognition of the ideal of human service suggests that, since 
the investigations of the Institution are largely of a basic type, 
adequate utilization of the materials produced requires placing 
them where they can have immediate and effective use by types of 
agencies more specifically concerned with application. 

The changes in objectives, organization, and plans for use of 
results of the Institution’s work as viewed over the three decades 
of its existence show increasing clearness of vision as to importance 
of the work undertaken, and as to definition of objectives for re- 
searches in an institution of this character. The organization of 
the Institution has changed from that of slightly related individuals 
or groups to an agency with distinct unity. Along with advance 
in effectiveness of the group as a whole, there has been increased 
advantage to the individual investigator. And with other changes 
there has been distinctly increased emphasis upon constructive use 
for the products of research. Planning for effective and dignified 
dissemination of information obtained through investigations of the 
Institution expresses itself from the time when the new problem 1s 
visualized until the research is finally set aside as representing the 
best result that existing conditions permit. 

The spirit which has actuated all members of the Institution 
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justifies the belief that honest endeavor in search for truth contrib- 
utes an important element of hope for the future. Moreover, it is 
important to appreciate that recognition of this point of view is 
essential in consideration of the purely human questions, as well 
as in study of physical and biological elements. As we see close at 
hand the end of man’s age-long struggle with the wilderness of 
nature through which he has come, it is important to realize that life 
in those jungles which arise by human construction requires not 
less, but more, of the type of ability that has characterized human 
progress to the present stage. 


APPLICATION OF RESEARCH RESULTS 
Carnegie Institution of Washington Year Book No. 31, pp. 4-7, 1932. 


The intense concentration upon critical questions which 1s pos- 
sible in an agency devoted to fundamental research gives exceptional 
opportunity for contribution to knowledge. Long-continued oper- 
ation increases the possibilities 1 in such a program, provided enthusi- 
asm for the subject is maintained. Question has sometimes been 
raised whether there is danger that in such an organization uninter- 
rupted pursuit of purely idealistic aspects of science may work 
disadvantageously through turning attention away from what are 
called the practical realities of life. Is it possible that, by reason of 
this situation, a considerable percentage of the values observed will 
fail to come into human use? Consideration of the opportunity for 
human service which an agency devoted primarily to research can 
have through application of its results will always be important in 
reviewing the program of the Institution. 

Between fundamental research and the incidents of day-to-day 
living the gap may seem extremely wide. So broad does this space 
appear that investigational activities are sometimes assumed to 
have value solely as intellectual exercise. This possibility is in- 
herent in a case of this nature, since research concerns exploration in 
unknown fields. If we had acquaintance with the areas under 
investigation, the operation would not be research. Where studies 
are set up for the purpose of carrying knowledge forward along lines 
already laid down, it may be possible to make approximate predic- 
tion. But if the situation were fully known, the work would be 
merely verification and not fundamental research. 
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In the field of the unknown the paths are rarely well defined, 
and the process of exploration involves following clues leading now 
this way, now that. Sometimes the results are negative, but the 
contribution serves, none the less, to mark limits of knowledge. Not 
infrequently there appears to be complete separation from every- 
thing having to do with practical living, but this does not diminish 
the ultimate value of results. It is also important to remember that 
the challenge of adventure in unknown regions, and the lure of 
possible discovery, make work of this type so attractive that accu- 
mulation of information continues. 

Once the boundaries of knowledge have been moved forward, 
it becomes important to know the values represented by such 
advance. The time has long passed when it seemed desirable to 
inquire whether information about the universe or ourselves could 
exist which would not have human value. The unity of knowledge 
as we now begin to conceive it indicates that ultimately everything 
attains its place. That which seems insignificant may finally 
appear among the most important influences in life. Such is, in 
part, the justification for a program of intensive effort devoted to 
advancement of knowledge in the spirit of human service. 

In development of research under conditions of modern social 
organization it is essential that such a relationship be set up as will 
make possible the greatest service through investigation, and at the 
same time permit the fullest use of what is secured. 

Attainment of the highest values in an institution devoted to 
research depends in a measure upon the extent to which touch can 
be maintained with the fields of application, education, stimulation, 
and spiritual refreshment through which they may contribute to 
life. With this aspect of our problem in view the Carnegie Institu- 
tion has recognized three important phases of its responsibility 
relating to the use of research contributions. These activities 
include, first, a scheme for permanent and detailed record of results 
coming from researches, and so placed that they are available to 
specialists in all fields of science. To meet a second responsibility, 
continued effort has been directed toward study of the broader 
interpretation of work accomplished, and toward statement of 
conclusions in such manner that they may have the widest possible 
research and educational use. 

Arising out of our program, there is now developing a third series 


EXCERPTS FROM THE PRESIDENT’S ANNUAL REPORTS 2589 


of studies, designed to review research activities having application 
aspects so important that united effort of all contributing agencies 
may be desirable. 

The most significant illustration of study on application problems 
is furnished by the work of a group of representatives from various 
departments, which is concerning itself with examination of investt- 
gations that may be helpful in dealing with critical questions of 
medical research. In developing this study it is not the intention 
to set up within the Institution activities corresponding to those of a 
medical research institute; nor 1s 1t necessarily true that fundamental 
modification of existing investigations would be brought about for 
the specific purposes of medical research. It is, however, desirable 
that resources of knowledge available within the Institution be 
placed at the disposal of investigators in other special fields, with 
the minimum of effort and the maximum of effectiveness for utiliza- 
tion. 


INTERRELATION OF RESEARCHES 
Carnegie Institution of Washington Year Book No. 31, pp. 8-9, 1932. 


In addition to wide cooperation between the Institution and 
research divisions of other agencies, one of the most important aids 
in the advance of investigation has developed through intimate 
relationship among research groups of the Institution itself. 

With the departments and divisions situated where the conditions 
have been found most favorable, wide geographic distribution has 
been inevitable. But linking of interests is a stronger influence in 
the positive sense than 1s geographic separation viewed as a negative 
factor. The need for mutual support, and the stimulus of oppor- 
tunity offered through the annual conferences and exhibits, has led 
to development of many connections having large influence in 
furtherance of the entire program. A factor of real significance in 
advancing some of the most important researches of the Institution 
is found in recognition of the possibility that, in extreme refinements 
of study, materials secured by specialists in other fields may be the 
elements most needed for success. 

A very interesting statement of this problem, as it appears to one 
of the leading investigators of the Institution, is presented in the 
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following abstract from a recent paper by Dr. Frederick H. Seares, 
of Mount Wilson Observatory: 


... [hese interrelations are important because they greatly increase the scien- 
tific effectiveness of the Institution. 

Everyone knows the contributions that come from highly specialized research, 
how little by little they increase our knowledge of the world in which we live, bring 
benefits to humanity, enrich our intellectual lives, and in the end subtly shape our 
thoughts about man’s ephemeral existence in a universe whose duration eludes 
comprehension. It is not always recognized, however, that these results come 
about much faster when the specialist follows up connecting threads that lead 
into other fields of research. He then often finds an unsuspected interdependence 
which solves many riddles. Thus we learn much about plants by studying the 
animals that inhabit the same region. Plant distribution is a matter of soil and 
climate; more fundamentally it is a matter of geologic change, and only the paleo- 
botanist, backed by the geologist as well as the physiographer, can tell why Mon- 
terey pines and redwoods grow where they do today. The life of the sea fluctuates 
with the physical-chemical conditions of its waters and is, therefore, also to be 
studied from the viewpoints of geophysics....Cycles in tree growth point to 
fluctuating rainfall, which may be related to changes in the sun. Geology is linked 
to geophysics, while the geophysicist tells us how to make glass for our telescopes. 
Terrestrial magnetism offers analogies for the magnetic field of the sun. Physicist, 
geologist and geophysicist combine to investigate earthquakes, and with the 
astronomer they study the surface features of the moon and tell us its substance. 

... Basic for all these things, of course, are the researches of the physicist and 
chemist and the powerful methods of mathematical analysis. The constitution of 
a star is a problem in atomic physics. The Carnegie Institution therefore aids 
Millikan and Noyes at the California Institute in order that they may join with the 
Mount Wilson Observatory in studying the constitution of matter, and supplements 
these efforts in its own Laboratory of Terrestrial Magnetism in Washington. It 
helps Michelson to repeat the famous Michelson-Morley experiment and to redeter- 
mine the velocity of light. In turn the astronomer directs the physicist to the stars 
as laboratories presenting conditions of pressure and temperature unattainable on 
the earth, under which he may test his theories of atoms. 


INFLUENCE OF PRESENT EMERGENCY UPON A 
RESEARCH INSTITUTION 


Carnegie Institution of Washington Year Book No. 32, pp. 4-11, 1933. 


For institutions established with expectation of a short period of 
service, social, economic, and political changes may have relatively 
small significance. In those designed to give continuing and devel- 
oping service, policies may be altered radically through adjustment 
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to changing social conditions. But the longer programs may rest 
upon fundamental factors which are either not affected 1mme- 
diately by ordinary changes, or are of such a nature that shift in 
conditions tends only to increase importance of the undertakings. 

In the history of this country, the place of research among 
factors touching needs of advancing civilization is illustrated by its 
relation to the broader features of our economic experience. Abun- 
dant development of natural resources has produced great wealth 
and the advantages which flow from it. The period of harvesting 
these materials has been followed by one of extraordinary mechan- 
ical and industrial growth. At the present moment the natural 
resources are well known and adjusted to future use. Further 
advance depends largely upon research, inventive genius, and human 
organization. New ideas ranging from those arising out of physics, 
chemistry, and biology on into laws of history, problems of econom- 
ics, social values, governmental principles, and the more funda- 
mental understanding of human behavior have come to take primary 
place in classification of our needs. 

It is difficult to visualize a situation in which we could retreat 
from the present position. The needs of civilization can never be 
met by a static condition in which the generations merely settle 
down to life at a particular level. One can assume that through 
coming ages the requirement for increased knowledge with new 
ideas and their bettered application will grow. Unusual construc- 
tive ability arising out of what is known as the scientific inter- 
pretation will have an increasingly important part in development 
and organization of society. The investigational process, both as a 
means of securing ideas and as a method for learning their applica- 
tion, will naturally and properly take its place as one of the most 
nearly indispensable of all activities upon which the future well- 
being of mankind depends. 

Under conditions of the present and future, it is essential that, 
along with other types of agencies, we have institutions devoted 
primarily to the broader aspects of research or constructive devel- 
opment. It will not suffice that this phase of human activity be 
relegated to a place of secondary importance. Certain of the organ- 
izations devoted to this work should have sufficient scope as to sub- 
ject, and adequate breadth in geographic location, to represent the 
wider picture of investigation. 
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It is not to be expected that any research institution will cover 
every special subject, or even every aspect of investigation in any 
given field. But it is desirable that there be agencies in which the 
broad view will be clearly expressed, and at the same time the more 
intensive aspects of specialization be represented. A close relation 
between the concentrated type of investigation and that character- 
izing the broader view would be one of the natural requirements of 
such an institution. 

The development of great research programs in the industries 
is one of the unequivocal evidences that the constructive aspect of 
activity is humanly important. The tendency in universities to 
voice the idea that the primary function of these institutions is 
advancement of knowledge is further indication of belief that the 
investigational type of activity is a major need. 

That by reason of great economic changes an agency set up like 
the Carnegie Institution, with support by endowment, might gradu- 
ally fade, and its particular functions be carried on through other 
types of activities, is one possible way to view the program upon 
which it has embarked. To the founder of the Institution this 
organization was not just a satisfactory means of spending a certain 
sum of money. The idea as originally stated concerned the im- 
portance of continuing and intensifying emphasis upon that atti- 
tude of mind that tends in the most effective manner “to expand 
known forces, to discover and utilize new forces for the benefit of 
man.” In choosing to make investment in a phase of activity that 
concerned continuing development, Mr. Carnegie initiated a work 
for which, by reason of the nature of human kind and of the universe 
in which it resides, we see increasing requirement so long as man 
exists. Though the emphasis will vary as to subjects, as to needs, 
and as to manner of application, the attitude of open-mindedness 
and the research mode of approach will continue to increase in 
importance. 

In periods of emergency shifting conditions may tend to press 
toward extinction of research and research institutions through 
financial weakening, and because of emphasis on what may be 
considered essentials of life. In another view, emergencies present 
tests of adequacy in research as a method and as to human value of 
specific ideas for the origin of which it is responsible. 

In the type of emergency through which the world is now passing, 
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multiplicity of problems, and the influence of depression as con- 
trasted with the accustomed progressive tendencies of other days, 
turn attention sharply to our needs for knowledge and for scientific 
judgment. Whether or no we find immediately the curative and 
constructive factors required to guarantee the kind of forward 
movement which mankind hopes to see, no question exists as to the 
requirement for fundamental and far-reaching knowledge bearing 
upon an almost infinite number of elements involved in the present 
situation. Nor is there doubt as to the necessity for clear inter- 
pretation and faithful human application of the information sought. 

There was never a larger demand for further information and its 
human use than at the present moment. That this requirement is 
in considerable part within the relatively difficult fields of economic, 
social, and governmental problems seems only to emphasize the 
importance of such demonstration of the method and approach of 
research, viewed broadly, as will guarantee advance in considera- 
tion of new problems on the basis of full knowledge. Under present 
conditions the significance of research is destined to have increasing 
recognition, provided there is opportunity for such expression of the 
results that they may fit accurately and appropriately into the com- 
plex mosaic of human interests, and ultimately attain a place among 
those elements that concern normal movement in development of 
life. 

Unfortunately the complex mechanisms needed in successful 
research commonly require concentration such that, with stress 
placed on work of construction, the results may fail to reach and 
influence other science, or general human interest, or specific human 
application. Although original investigation which produces new 
information is the critical operation upon which the greatest concen- 
tration of attention must always focus, it is also true that discovery 
alone may not represent complete or adequate advancement of 
knowledge. Recording of results, interpretation of what has been 
obtained, and satisfactory placing of the materials constitute im- 
portant elements in the process. Unless care is given to handling 
of information derived from research, there may be waste or loss of 
real values secured. It is also important to realize that inter- 
pretation of such data partakes both of science and of that art 
through which its expression may be most effective. 

What we call the emergency of the moment is in a measure occa- 
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sion for awakening of interest and that sharpening of vision which 
can give to the inquiring or constructive attitude of mind, and the 
products of its effort, a human value not previously recognized. 
Opportunity for utilization of this mode of approach to knowledge 
by means of the great variety of activities represented in an institu- 
tion devoted to the cause of research may, under conditions of the 
present epoch, bring to realization in an exceptional way the kind of 
service which Mr. Carnegie visualized for an agency which would 
continuously devote itself to the cause of “discovery, and the 
application of knowledge to the improvement of mankind.” 

Obligations which may be assumed to rest upon an institution of 
this type, in a situation such as now presents itself, are susceptible 
of definition only in general terms. But opportunities for practical 
application will appear as new problems of importance to the com- 
munity relate themselves to special activities of the institution. 
Situations are conceivable in which, from the advanced position of 
newly developed knowledge, interests which concern the country 
broadly will be discovered by research workers before they are 
known to the community. In such cases the initiative for action 
may be taken by investigators. The interests of this Institution 
and those of the country and of mankind broadly are one, and under 
conditions of stress it is important that all possible contribution be 
made toward aid in the public cause. 

In many and unexpected ways new and complex problems of this 
particular period have shown the need, not only of experts concerned 
with extremely specialized subjects, but along with these the require- 
ment for investigators who can bring knowledge across the bounda- 
ries from one field into another in which it may have relatively high 
value. Many problems which focus in economics or government, 
but arise through consideration of special questions in the natural 
sciences, require this close cooperation of workers in different fields. 

In a period of wide uncertainty the maintenance of schedules for 
activity means not only employment but with this it concerns ele- 
ments of morale, both in the sense of occupation and with reference 
to confidence in the value of knowledge and its development. 

The present general program of the nation, and in reality of the 
world, is hopefully described as recovery, but the vision that domi- 
nates thought in questions of this nature does not concern merely 
return to earlier conditions. What we really desire is advance to 
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the stage that should be, or should have been attained. Out of 
present reorganization activities it is probable that much of the 
most vital thought relates to what may be recognized as having 
future value. It is in questions of this nature that the trained 
investigator may see not infrequently the elements of progress so 
much desired. 

Less clearly tangible than other relations to present and future 
conditions, but not less critical, is the significance attaching to 
maintenance of standards in thought and objectives. Investigation 
is search for the truth regarding all manner of things in the heavens 
above and the earth beneath, in the fragmentary details concerning 
life of past ages, in structure of infinitesimal cells and atoms, in the 
deeper recesses of minds which we call normal and in those that 
suffer from various ills. But it is always the truth and its relation 
to other truth that we seek. One could go far toward demonstrating 
that an institution dedicated to research would justify its existence 
abundantly if it did nothing more than bring to the world the sig- 
nificance of this type of work as aiding to give evidence of the value 
of real things and their true relation to each other. There may bea 
long gap between the meaning of electrons, nebule, trilobites and 
enzymes on the one hand and great economic and political problems 
as they express themselves in life, but the future will unquestionably 
show that, wherever we work, full value given to realities, whether 
they concern the existence and nature of things or purposes of action, 
affords the largest guarantee of success in what we strive to accom- 


plish. 


CooPERATION WITH INDIVIDUAL INVESTIGATORS 
Carnegie Institution of Washington Year Book No. 32, pp. 26-27, 1933. 


In advance of knowledge through research, the results attained 
may have value without reference to the means by which they are 
secured. The product of activity arising from investigation may 
continue to make its contribution after the physical instruments, 
the theories, and personalities concerned have disappeared. But 
this is not the normal situation. Commonly, as researches actually 
develop, there are great possibilities for influence by the personalities 
through which results are realized. Also, the method by which a 
specific contribution.is made may be enormously important both 
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in conduct of a particular study and through other types of investi- 
gations located in distant fields. The value of such research 
methods and of their by-products may be especially large for investi- 
gators whose interests touch the particular problem under examina- 
tion. It is therefore important that in the conduct of researches 
opportunity be open for cooperation with other investigators in 
related or even in distant fields of study. 

At the same time it is important to recognize the influence of such 
developing researches upon those who are beginning with interest 
and enthusiasm to take up the field of studies involved. Such con- 
tacts mean the passing on of the torch as it is represented in actual 
knowledge, and more especially through point of view and inspira- 
tional value. 

The influence of personal relationships in stimulation and advance 
of research is recognized as of great significance in educational insti- 
tutions. Its value is not less in the work of an agency such as this 
Institution devoted specifically to investigation. It is important 
that, so far as possible, opportunity be given for cooperation which 
will aid research in fields related to those in which the Institution is 
engaged. It is of course true that the particular types of influence 
represented will in general concern themselves principally with 
subject, material, and modes of approach illustrated in an important 
way in the special kinds of research carried on in this Institution. 

With full appreciation of the value in such types of cooperation 
for advancement of research in the broadest way, departments of 
the Institution have, over the years, given increasing aid to other 
agencies and institutions so far as our facilities have made this 
possible. During the past year a small group of departments of the 
Institution has been able collectively to give cooperative aid for 
considerable periods to approximately sixty persons. 


Uttimate VALUES OF RESEARCH 
Carnegie Institution of Washington Year Book No. 33, pp. 37-41, 1934. 


An interesting opportunity for study of scientific values is offered 
by the program of the Institution involving conduct of fundamental 
research leading to technical publication, followed by some measure 
of interpretation and inquiry regarding application. The vigorous 
discussion by scientists and philosophers concerning worth or 
significance of research contributions has centered in considerable 
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measure around questions which have to do with maintenance of 
life, with amelioration of adverse physical conditions, and with 
factors assumed to affect the economic or social balance. 

As yet comparatively little attention has been given to the idea 
that science may have made its most noteworthy contribution 
through influences which aid in determining attitudes of mind and 
objectives. In other words, we have been concerned more largely 
with discussion of the extent to which science affects our environ- 
mental conditions than with the possibility that it helps to give us 
new points of view and a bettered attitude toward life. The great 
significance of this difference becomes apparent when we consider 
that influences determining point of view and attitude furnish major 
sources of human initiative, and are among the most important 
guiding elements in life. 

Science has made vast contribution toward betterment of living 
conditions through ready production both of necessities and luxuries, 
and by freeing us from drudgery. But abolishing poverty in the 
material sense might not prevent poverty of mind and soul. In- 
creased freedom from the labor entailed in maintenance of life may 
still leave us enchained in spirit. Wealth in the sense of natural 
resources or accumulated results of human toil, or even expressed 
through increase of capacity for work might lead only to degrada- 
tion. There may be wickedness and bitterness and infinite dis- 
content with riches and great power. Whether the world really 
becomes a better place in which to live depends in large part upon 
out attitude toward life and our ideals. If science and research 
help to improve these controlling factors in life, they attain the 
supreme service. If bettered point of view can arise only from other 
sources, then science and civilization must wait until some way is 
found by which there may be exerted the power necessary to bring 
about the change desired. 

The influence of science upon our point of view and ideals may be 
thought by some to be negligible, since the attitude involved will be 
assumed to depend upon spiritual values, and research is looked 
upon as concerned only with cold facts and logic. It is, however, 
important to realize that by definition science represents the seeking 
for truth, whether it relate to the elements of physics, chemistry, 
history, or human conduct. The use of reason is only the logical 
extension of truth. Facing the facts by the method of science is to 
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strip away untruth, dishonesty, self-deception. This may be by 
changing alchemy to chemistry, the rabbit’s foot type of healing to 
scientific medicine, wishful thinking to factual economics, or self- 
centered beliefs to constructive religion. 

It must also be recognized that a view over the vast range of 
things expressed through science as in astronomy, earth building, 
biology, or the story of life through the ages, gives a greatly in- 
creased appreciation of law and unity in the world. Such a view 
includes all history and our relation toit. It presents a new outlook 
over the universe, with a clearer vision of man’s place in the scheme 
of things, a better opportunity for appreciation of what life repre- 
sents, and a changed attitude toward its problems. Seen in this 
light, science should aid in the forming of basic beliefs and philos- 
ophy, and even religion may use it as material with which to build. 
Science gives reasons why every man should have a philosophy and 
admit it, and at least an appreciation of what religion may signify. 

In considering the relation of science to those fields of thought 
which are generally deemed most clearly to express human interests, 
it is desirable to suggest that the difference in attitude among these 
subjects is not necessarily as great as is sometimes assumed. Science 
finds need for common ground with philosophy, art, and religion 
in the work of developing a clearer, broader, and deeper vision of the 
world of things and of people about us. 

As seen by science, the universe is a vaster and more orderly, 
more dependable place in which to live than was once recognized. 
At the same time the scientist may appreciate more clearly today 
than at any previous stage that he does not really fathom nature in 
essence, or power, or ultimate meaning. With the advances made 
by modern science the so-called material universe does not grow 
more definitely material, or at least one may say it is still beyond 
our full understanding. And for these reasons we need close rela- 
tion among the various points of view which we may take. The 
interests of science, art, philosophy, and religion must be joined if 
their human value is to be most fully realized. Each may stand 
alone as an abstract or non-human value, but when human interests 
are touched they must come into intimate, mutually supporting 
relation. 

Science we see as a powerful educator because it turns attention 
to real things, and not to substitutes. One can not dismiss the idea 
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that these expressions of reality and law relate in large part to things 
other than mere food and maintenance of life. We need wide 
acceptance of the attitude of mind illustrated by science in searching 
for facts upon which to base judgment. 


OnE HunpREDTH ANNIVERSARY OF THE BirTH OF Mr. CARNEGIE 
Carnegie Institution of Washington Year Book No. 34, pp. 1-5, 1935. 


At a time when interest in the great constructive work done by 
Mr. Carnegie in various fields of education, science, and culture is 
emphasized by the one hundredth anniversary of his birth, it 1s 
fitting that there be included in this report reference both to the 
original aims in founding the Institution and to the trend of activi- 
ties which will determine ultimate appraisal of accomplishment. 
In considering this relation between aims and achievement, one 
may not avoid noting that the Year Book series in which this report 
appears is the most comprehensive statement in existence regarding 
work of the Carnegie Institution. The thirty-four volumes of this 
series constitute a detailed report and a history of activities initiated 
by the Institution since the date of its founding in 1902. 

The objectives of an agency like the Carnegie Institution can not 
be defined with such mathematical clearness as to permit adequate 
report in statistical form. But without evident appreciation of 
purposes or aims a statement concerning development of the activi- 
ties might have relatively little value. Although the purposes of 
the Institution are known in general terms through reports upon its 
researches, there may be marked difference between a statement to 
the effect that something has been done and a record formulated 
with relation to objectives. A report properly requires examination 
of the program as it has developed and of achievement in terms of 
the ideas visioned by the Founder. 

In the long list of activities to which Mr. Carnegie devoted his 
efforts, the use of opportunities considered most desirable found 
expression in many kinds of institutionalized programs. The 
purposes defined appeared to vary widely, though in many ways 
these apparent differences were only the statement, by various 
means, of basic ideas which guided Mr. Carnegie’s thought. The 
whole group would probably have been found closely related in his 
view of the greatest needs of the time. 
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In the decision that large personal possessions should, so far as 
possible, be turned to use in the interest of the people, for further- 
ance of major ideas urgently needing intensive support, Mr. Carnegie 
emphasized, among other things, dissemination of knowledge 
through the library, and the study of fundamental educational 
problems and economic security of the teacher through the Carnegie 
Foundation and the plan for teachers’ pensions. Art, the museum, 
technology, and education broadly were furthered by Carnegie 
Institute, at Pittsburgh. Self-sacrifice and courage were recognized 
through the Hero Fund in the United States and similar funds 
abroad. Study of difficult, but vastly important, problems of world 
relations and peace was the objective of the Endowment for Inter- 
national Peace. As concrete projects relating to what seemed of 
immediate importance, he aided the peace movement through 
building the Palace of Peace at The Hague and establishment of the 
Church Peace Union. To provide opportunity for conference and 
discussion on international problems of the Americas, he made 
possible the home of the Pan American Union in Washington and of 
the Central American Court of Justice in Costa Rica. 

For the immediate benefit of the community in which he was 
born, for the advancement of education, and for the well-being of 
people of Great Britain and Ireland, Mr. Carnegie established the 
Carnegie Dunfermline Trust, the Trust for the Universities of 
Scotland, and the United Kingdom Trust. 

Along with the splendid group of activities already mentioned, 
the Carnegie Institution of Washington was founded on January 
28, 1902, “to encourage in the broadest and most liberal manner 
investigation, research, and discovery, and the application of knowl- 
edge to the improvement of mankind.” In 1911 the Carnegie 
Corporation of New York, representing broadly the general activi- 
ties in which Mr. Carnegie had been engaged, received the remaining 
large means for aiding in such projects as might be considered worthy 
of support in promoting “the advancement and diffusion of knowl- 
edge and understanding among the people of the United States,” 
and with these means for benefaction was included a special fund of 
ten million dollars available for activities in the British Dominions 
and Colonies. 

Appreciating the necessity for uninterrupted advancement of 
knowledge and intellectual growth, for realization of which con- 
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tinued investigation, research, and discovery would be required, 
Mr. Carnegie saw also the need for maintaining study of the meth- 
ods by which such advance could best be made. The organization 
and planning of the Institution were, therefore, so designed as to 
leave freedom of action such as would make possible the most 
effective development of program in the light of changing conditions. 
This was recorded in Mr. Carnegie’s statement: “The specific ob- 
jects named are considered most important in our day, but the 
Trustees shall have full power, by a majority of two-thirds of their 
number, to modify the conditions and regulations under which the 
funds may be dispensed, so as to secure that these shall always be 
applied in the manner best adapted to the changed conditions of the 
time; provided always that any modifications shall be in accordance 
with the purposes of the donor, as expressed in the Trust, ...” 

With reference specifically to the objectives which Mr. Carnegie 
had in mind in establishing the Institution, it is important to note 
that there was involved both the idea of research and discovery, in 
the sense of acquaintance with new materials and new ideas, and 
with this the desire “to expand known forces, to discover and utilize 
unknown forces for the benefit of man.” It is interesting to 
observe that the expression of purpose did not end with the idea 
that this was merely for the denefit of mankind, but the activity was 
stated to include as well “discovery, and the application of knowl- 
edge to the zmprovement of mankind.” 

A student of history might incline to interpret Mr. Carnegie’s 
statement regarding “improvement” as meaning that he expected 
the human race to better itself continually through an evolutionary 
process. Whether or no this was specifically the idea in mind, it 
is clear that Mr. Carnegie thought not only of the “expanding of 
known forces and the discovering of unknown forces,” but that he 
had in view activity leading to continuing development and im- 
provement. Whatever views we may entertain as to ultimate 
good in the philosophical or religious sense one may not doubt that 
the idea of forward movement in the wider range of knowledge, of 
better means of application for human use, and of uninterrupted 
growth in intellectual as well as in spiritual stature, represents a 
condition offering an infinite range of achievement and of hope. 
However other goals may be defined, the way leading to a place ora 
condition with evident possibilities for improvement will be looked 


2602 PUBLISHED PAPERS AND ADDRESSES 


upon as having special importance when it offers opportunity for 
progress leading to more progress. 


DEVELOPMENT IN METHODS AND ORGANIZATION OF RESEARCH IN 
THE INSTITUTION 


Carnegie Institution of Washington Year Book No. 34, pp. 5-12, 1935. 


As has been indicated in many earlier reports to the Trustees, the 
work of the Institution was initiated with numerous relatively small 
grants which were commonly made available to individuals. By 
this means it was possible to select both outstanding projects which 
needed special support, and exceptional individuals whose ability 
and interest it was important to have turned toward constructive 
study. 

In the preparation of a working program for the Institution which 
should give effect to the purposes of the Founder, the Board of 
Trustees upon organizing in January, 1902, appointed eighteen 
advisory committees, each committee representing a recognized 
department of knowledge. These committees were invited to 
canvass the needs 1n their respective fields and to make such recom- 
mendations relative to procedure as they believed would “advance 
with wisdom the great purpose of the foundation.” It is to the 
reports of these committees—reports that sought to give definitive 
expression to the vision of the Founder—that Carnegie Institution, 
as it now stands after 34 years of growth, traces its roots. The 
published reports of these committees represent in themselves an 
extremely interesting stage in the development of research in 
America. 

The Institution of today differs in some measure from the Institu- 
tion of early years in administrative structure, in method of work, 
in program of research, and in relationship to educational and 
investigational agencies as well as to the general public. Yet the 
changes that have ensued are but progressive responses to altered 
conditions, on the one hand, and to slow but steady conquest, on 
the other. 

That the Institution today, with all its "differences, remains as 
much an expression of the Founder’s ideals as it was thirty years 
ago is remarkable attestation to the breadth of the Founder’s vision 
and to his great wisdom in creating an organization sufficiently 
flexible to adapt itself to situations that are ever changing. 
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In considerable measure as the result of studies by the special 
committees, work was initiated upon projects which required 
concentration of interest and effort of groups of specialists concerned 
with major problems. As this evolution of method and organization 
advanced, to some it may have appeared to lead toward a 
situation quite different from that suggested through Mr. Carnegie’s 
original ideas. 

But what seemed to be a fundamental shift in program leading to 
support of larger projects, and to the codperation of considerable 
groups of individuals, has in some respects tended to emphasize 
significance of the exceptional man more than might have been done 
by continued use of the smaller grants to individuals conducting 
their researches independently. Organization of departments, and 
ultimately of divisions, while appearing to require sharper definition 
of limits for individual activities, has served to bring about concen- 
trated attack by individuals having specific interests in common 
problems the solution of which could be obtained only by such 
cooperative effort. In some respects the results have brought in- 
creased opportunity for the individual with exceptional vision and 
leadership, and at the same time have increased the possibilities of 
advance in research for others with intense enthusiasm and showing 
exceptional devotion to research. 

Illustration of the type of activity which developed in depart- 
ments 1s found in the organization of the Geophysical Laboratory, 
Mount Wilson Observatory, and the Department of Genetics. 

In the Geophysical Laboratory, established in 1907, a group of 
researches was turned toward what has sometimes been called the 
dark continent of the interior earth. Requisitioned to this service, 
every value which could be derived by application of chemistry, 
physics, geology, volcanology, and ultimately seismology, has been 
used in study of a region in some ways more difficult to reach than 
the stellar universe about us. Another illustration of this method 
in the physical sciences is that presented by Mount Wilson Observa- 
tory, founded in 1904, and dedicated to the study of the sun, as the 
star most easily accessible for observation by telescope, spectroscope 
and all instruments which can give us knowledge of the morphology, 
physiology, chemistry, and physics of that great physical unit upon 
which the existence and development of life on the earth depend. 

Still another illustration of necessary codperative effort is found 
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in establishment of the Department of Genetics, originally set up 
as the Station for Experimental Evolution in 1904 and later com- 
bined with Eugenics. Upon the intimate study of lines of inherit- 
ance, and the factors involved in development of the individual, and 
origin of the species and related groups, there has been concentrated 
the life work of many individuals operating through what have 
seemed widely different regions of investigation, but which are all 
concerned with the nature and mechanism of individual and racial 
or group evolution. 

In 1927, several phases of related Institution activities in plant 
biology were brought together in a Division comprising a wide range 
of problems extending from experimental taxonomy through ecol- 
ogy, investigation of desert problems, basic studies on the biology of 
tree growth, relation of climatological research to periodicity in tree 
growth, problems of photosynthesis, and paleobotany. Brought 
into this close relation, new and important developments in plant 
study have been made possible. 

A Division of Historical Research was established in 1929 to 
bring into the most effective relation groups of studies covering 
aboriginal American history, a section concerned with the history 
of the United States as expressing the influence of western European 
institutions upon America, and a third section comprising studies 1n 
the history of science with special reference to its influence upon 
civilization. To these researches is related a considerable group of 
studies concerned with the early history of man as it is read from the 
geological record. 

In 1934 a Division of Animal Biology was established as the natu- 
ral outgrowth of effective and fruitful conferences covering research 
in genetics, nutrition, embryology, with other aspects of biology 
including a wide group of activities held together by interest in many 
common problems. 

Within the past year the continuing importance of relations 
among the organized activities of the Institution in the field of the 
physical sciences has led to setting up of a committee to facilitate 
study on the increasing number of common problems appearing in 
these fields. [his committee will also make more easily possible the 
development of special projects representing interests of several 
departments. 

The contributions already made through codperation of groups of 
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investigators in the physical sciences have been extremely valuable, 
and with the rapid shift of emphasis in physical problems one may 
expect continuing development of new fields requiring special facili- 
ties for investigation. In the physical sciences, as in the other 
research groups of the Institution, it is assumed that better defini- 
tion of facilities for interchange of data and for coéperation will aid 
in solution of problems requiring concerted action by representatives 
of rather widely differing disciplines or modes of approach. 

Good illustrations of what may be accomplished in such codpera- 
tion are found in the study of relation between solar activity and 
radiation, at Mount Wilson Observatory, and variations in magnetic 
conditions on the earth, forming the subject for continuous investi- 
gation by the Department of Terrestrial Magnetism in Washington. 
The noteworthy contributions by the Moon Committee, involving 
several departments together with investigators from other institu- 
tions, have not only given us a better understanding of the moon, 
but have furnished data of value in study of the surface of the earth 
and of other planets. 

One of the most important achievements in the field of Institu- 
tional activities involving concerted effort of several institutions is 
represented by the Seismological Laboratory at Pasadena, planned 
and developed through the work of the Advisory Committee in 
Seismology under the chairmanship of Dr. Arthur L. Day, Director 
of the Geophysical Laboratory. Although seismology may well be 
claimed as a phase of geology, comprising as it does the study of 
inner features of the earth, the work of this laboratory was organ- 
ized on the basis of codperation with the geological, physical, and 
mathematical groups at California Institute of Technology and 
other institutions. Under the wise guidance of the Advisory Com- 
mittee, many types of interests have been directed toward study 
of earth movements, and have made possible achievements of 
exceptional significance. The ultimate values in what has been 
obtained through this unique project, involving codperation of 
many agencies and institutions, make a contribution of unusual 
interest in very many directions, and are of great aid to the Geo- 
physical Laboratory itself, concerned as it is with physics and 
chemistry of the inner earth. 

The present organization of the Institution seems, then, not only 
to contribute toward advance of knowledge in new interlocking or 
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overlapping areas of research, but to bring back to each of the groups 
engaged upon special questions a wide range of materials otherwise 
not readily secured. 

In other phases of activity of the Institution the grouping of inter- 
dependent researches has been of great significance, in that this type 
of organization has also facilitated mutual aid between divisions as, 
for example, in study of problems in Eugenics. 

In still another way this plan of organization has furnished means 
for satisfactory handling of those more sharply individualized 
projects known as Minor Grants, corresponding to the means of aid 
for research mainly utilized in the early stages of the Institution’s 
activities. This support was given with expectation that it would 
either assist the exceptional individual, or advance study of an 
exceptional problem investigated by students of recognized ability. 
As the number of these grants increased with passing of the years 
some researches shifted quite naturally to new aspects of investiga- 
tion, and the problem of keeping touch with work of this type 
became increasingly difficult. With a divisional program of admin- 
istration, large value has been found in the relation of Minor Grant 
projects to the divisions, thus giving not only the aid of special 
funds, but with this the support of a group of workers interested 
in various aspects of the projects undertaken. 

The possibilities for assistance through use of the present grouping 
of activities have been illustrated in the work of Dr. Ernest Ander- 
son, of the University of Arizona, who has cooperated for several 
years with the Institution through the Division of Plant Biology 
at its laboratory in Palo Alto. The work of Dr. Anderson in study 
of the chemistry of tissues in tree growth has related itself to that of 
Dr. I. W. Bailey, of the Bussey Institution of Harvard University, 
who has codperated with the Division of Plant Biology for several 
years in furtherance of studies on morphology and chemistry of 
structures involved in tree growth. In another very important 
relation, the fundamentally critical work of Dr. Bailey on tree 
growth has been extremely helpful in furnishing through the Divi- 
sion of Plant Biology a biological background for the researches of 
Dr. A. E. Douglass on changes in the course of tree growth as 
expressed in tree rings. 
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PHYSICAL SCIENCES 
Carnegie Institution of Washington Year Book No. 34, pp. 12-13, 1935. 


In the investigations conducted by Carnegie Institution in the 
physical sciences, there has been maintained constantly the idea 
that it is a function of the Institution to devote itself to projects of 
such magnitude, or of such difficulty in handling, that advance is 
facilitated through research by an agency free to attack at such a 
place, or such time, or by such method as seems most desirable. 
While the work of the Institution has in large part taken form 
through well-organized and extremely effective departments, such 
as, Geophysical Laboratory, Department of Terrestrial Magnetism, 
and Mount Wilson Observatory, a number of the most significant 
investigations have been conducted by smaller groups, as in the case 
of the Seismological Laboratory and of investigations in the field 
of cosmic-ray research. 

Although in projects of the Institution in the physical sciences, 
even where they are set up through the organization of depart- 
ments, attempt is made to avoid the tendency merely to discuss 
broad subjects rather than undertake specific investigations, it will 
be noted that the several fields entered comprise types of research 
touching a considerable part of the physical universe. This is true 
in the geographic sense measuring from the center of the earth to 
the most remote nebulz, as also in the range from study of structure 
in the atom in its relation to problems of terrestrial magnetism to 
discussion of the nature and dimensions of the universe. So it 
happens that while the Institution does not devote itself directly 
to the generalized problem of knowledge in the broader educational 
sense, it is forced by the nature of its researches to include discussion 
of a considerable part of all phenomena encountered. 


INTERPRETATION OF CRITICAL PROBLEMS IN SCIENCE 
Carnegie Institution of Washington Year Book No. 34, p. 59, 1935. 


In an effort to make the results of its researches available to 
science in general, and to the public, a series of carefully prepared 
lectures on major researches was initiated by the Carnegie Institu- 
tion in 1921. Through this program the attempt was made to bring 
together authoritative statements on major researches of the Insti- 
tution. While the lectures were frequently arranged in groups 
representing related subjects, in general each statement was inde- 
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pendent of the others, and had as its function interpretation of 
results from a special program of research. The papers presented 
have in nearly all cases been published, and have been made avail- 
able to the general reader through magazines, or through the form 
of releases, or supplementary publications issued by the Institution. 


Poticy AND PRoGRAM 
Carnegie Institution of Washington Year Book No. 35, pp. 1-5, 1936. 


Guided as this Institution is by objectives defined in its Articles 
of Incorporation as “investigation, research, and discovery, and the 
application of knowledge to the improvement of mankind”’; it is 
necessary to make sure from time to time both that the investiga- 
tions serving as basis for discovery really represent accurate, funda- 
mental studies, and that the results find adequate application for 
improvement of mankind. Assuming that ultimate human use is 
the objective of all activities, it is not difficult for conscientious 
administration to stress application first, not remembering that 
importance, and even extent of use, may depend upon quality of the 
product, as well as upon both understanding and adaptability in 
application. On the other hand, it would be easy to slip into a 
groove in the movement of research and fail of relation to the agen- 
cles or activities in which the product of investigation is needed. 

In examining our situation, a critical question inevitably raises 
itself concerning the real nature of the field which we occupy. 
Although in the Institution’s activities there has never been hesita- 
tion to extend the principle of investigation into any region where 
search for the truth and organization of verifiable knowledge can be 
conducted effectively, an evaluation of the contributions made will 
show that the “research” and its application in which we have 
engaged fall largely within the field of what is commonly recognized 
as “‘science,”’ rather than in other aspects of investigation. This is 
in contrast to research extended more broadly over what we call 
human problems. Without suggesting change from existing poli- 
cies, this may be an appropriate time to consider the relationships 
to research that have been established, and to examine some of their 
implications. 

In past years the Institution has followed a policy in which 
flexibility was considered important. Science has been recognized 
as an attitude of mind representing search for the truth, and also as 
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organized bodies of knowledge, such as the physical and biological 
sciences which have been built step by step to stages at which pre- 
viously unrecognized generalizations or truths became visible. 
Research, or investigation, has been looked upon as the insistent 
development of effective means for securing information. The 
methods of science have been seen as one form of research. Investi- 
gation may be conducted in any field where the advance of knowl- 
edge or the search for truth is desirable. The methods of approach 
change according to subject or purpose in view. The investigator 
may attack problems of mathematics, physics, biology, psychology, 
economics, or government. Difficulties will vary greatly, as well as 
possibilities of attainment, but the effort to advance and organize 
knowledge is essential in each case. 

Without attempting to define specific fields of thought in accord- 
ance with existing classifications, one may find justification for 
grouping the contributions of research under three subdivisions: 
first, the nature of man and his place in the world as we find it; 
second, the environment of man represented by the natural world; 
third, the constructive work of man as it tends to build new features 
or conditions relating especially to his own needs and desires. 

A large part of science and research has been devoted to study of 
our physical and biological environment. In study of man himself 
we have made reasonable advance so far as morphology, physics, 
chemistry, and physiology are concerned. To a modest extent we 
have learned something concerning our psychological activities. 
There is still a vast range of questions through and around which to 
work on the general subject of the mind of man. 

The study of man as a constructive or creative agent seems only 
to have begun. So far as this concerns understanding of man’s 
opportunity in relation to the world about him, in relation to his 
environment of human beings, and in relation to his own interests 
and desires, we have barely entered the field. 

The Institution has thus far limited itself largely to the securing 
of new data and to organization of information relating to mathe- 
matical research, investigation of natural phenomena as expressed 
either in the world about us or in man, and to history. Work in the 
natural sciences may have meant only that at given moments the 
evident fields for harvest in study of nature or of nature in man were 
large, and new methods opened opportunity for advance. How- 
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ever, there has been recognition also of a possibility that the next 
great steps forward might be through study of human problems, with 
methods as different from those used heretofore as are the present 
attacks upon natural science, by use of new instruments and new 
theories, compared with those of ancient times. 

In examining the significance of work done by the Institution, 
and in considering policy for the future, it is important to keep in 
mind the fact that while our contributions have been largely in the 
field of science they have often concerned method at least as defi- 
nitely as subject. 

Although devoting itself almost exclusively to the task of search- 
ing for new information, organizing it, and making it of record, the 
Institution has been aware also of the fact that the value of science 
in terms of its contribution to meet human needs is shown in an 
almost infinite variety of ways. The relations of physics to en- 
gineering, or chemistry to medicine and industries, or biology to 
medicine, are things which may have immediate human use of 
easily recognizable and measurable type. Also the value of scien- 
tific methods as means for testing of data is seen as of the first order 
of importance in our struggle to make reality and truth the source 
of all activities designed to further human betterment. 

One phase of the problem of modern science in its relation to 
civilization under discussion in recent years concerns the ways by 
which science can be utilized in an effective manner to meet great 
needs in difficult human relations such as those represented by 
economics and government. On the one hand there 1s the view that 
science is not qualified to deal with those human problems in which 
the peculiar qualities of mind are factors of primary importance. 
Another point of view is expressed in the idea that science should 
extend its field by application of existing and yet to be discovered 
methods so as to conquer 1n the fields of economics, sociology, and 
government. 

An intermediate view, which has been followed commonly as 
policy of the Institution, has involved recognition of the possible 
aid of science in study of important human questions, but with 
assumption that the best method of procedure is by a meeting of 
minds in which the sociologist, economist, or student of government 
brings into cooperation with him representatives of science whose 
methods or problems are most nearly allied to his own. It is 
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certainly to be doubted whether, even if the methods of science are 
desirable, it is the scientist who should proceed unaided with this 
application in the fields of economics, sociology, and government. 

What might be called practical application of our research results, 
ranging from the physical and biological sciences to human values, 
as in psychology, has been the subject of most careful consideration 
for some years by committees of the Institution. We have en- 
deavored to make sure that the materials secured find their place 
through examination by experts in the field of application. These 
studies have been conducted with the hope of bringing to certain 
applying groups, as in medicine, new materials or points of view 
which might otherwise remain for a considerable time unused. At 
the same time the Institution has given careful attention to inter- 
pretation of scientific truths such as might aid in forming principles 
or guiding thought. A beginning has been made also in conference 
with students from the field of human research with relation to 
common problems. 


SIGNIFICANCE OF THE [TECHNIQUE OR METHOD OF SCIENCE 
Carnegie Institution of Washington Year Book No. 35, pp. 5—7, 1936. 


Continuing advance of civilization is made possible as absorption 
of discoveries and methods of work in each generation helps to form 
habits of thought in subsequent stages. The real dangers which 
arise from instinctive action on matters involving logic we assume 
to be balanced by the possibilities of accelerated action due to accu- 
mulated knowledge. The techniques and technologies which arise 
out of science to become a part of everyday life in industry, or in 
more distinctly personal activities, may in considerable measure 
be merely the standardized methods of science developed to a point 
where they are called arts. Without assuming unanimity of opinion 
on the subject, there is wide acceptance of the idea that the dangers 
arising from speeding up of techniques and technologies which lead 
to development of new activities and industries is at least balanced 
by development of greater adaptability to new conditions as they 
arise. 

From a number of directions we have the suggestion that for 
guidance in development of new ideas, and for the protection of 
society, it is desirable to set up types of organization which may 
bring together scientists, engineers, and forward-looking students of 
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social and economic problems with a view to keeping close watch 
upon related problems in these several fields. The finding of 
something like common viewpoints for investigators in different 
subjects may be difficult but it will have increasing importance. 
Such an activity might be established in the hope of fitting new 
ideas and new techniques to advancing industries and to new phases 
of social and economic endeavor. If developed guardedly, such a 
forward-looking program presumably would not hinder the advance 
of civilization, and might be expected to aid in adjustment of human 
groups to some of the changes which inevitably take place. 

It is important to note that responsibility for keeping in view the 
possibility of social influences arising from use of scientific techniques 
rests in part upon the scientist. Assuming that there will be an 
uneven movement in the economic-social stream, there is value in 
having those best acquainted with the nature and possibilities of 
new materials and new activities keep in mind the fact that they, 
as the source of such influences, should have some acquaintance 
with ultimate application of their products. At the same time it 
must be realized that unwise use may be due to factors of social 
significance with which the student of social problems should plan 
to keep close acquaintance. 

In following the implications of these questions it is important to 
examine the idea that scientific methods may function as techniques 
which in various ways influence modes of thought and even concern 
aspects of judgment. If science exerts this influence, it is essential 
that its contribution be guarded with the greatest care as to use in 
education, and also watched by the ablest students as to the manner 
in which it may affect or guide thought. As one possible influence 
of science upon thought, we may assume that if the minds of all 
citizens could be so informed and trained that, as a rule, there would 
be insistence upon having and using the elements of fact and reality, 
which are the basis of science and research, there would be guaran- 
teed a relatively safer situation with reference to the handling of all 
human problems than has commonly obtained. 


INTERNATIONAL INFLUENCE OF SCIENCE 
Carnegie Institution of Washington Year Book No. 35, pp. 7-9, 1936. 


Even in the broader relations of society which concern affairs of 
nations and peoples, one may recognize the method of the scientist 
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and the investigator as having a significant influence. As contrasted 
with economics and government, the relations of culture, and art 
in the broader sense, may have a larger element of mutual human 
interest. For this reason international culture is seen as one of the 
factors drawing together peoples which at any given moment may 
have widely differing economic and political ideas. 

In a measure, comparable to what develops out of cultural 
contacts, science often represents vital interests of peoples of such a 
nature that results obtained have a high degree of mutual value. 
Science has both cultural and economic values, but in relations 
between peoples the cultural influence may be relatively important. 

Added to other features of significance in the bearing of science 
upon international relations, it is important to note that for a great 
number of scientific problems the solutions can be obtained only by 
cooperation of nations, or perhaps by the peoples of the whole world. 
So in activities of this Institution, specifically in researches of the 
Department of Terrestrial Magnetism, many of the problems re- 
quire cooperation of investigators over the entire world for securing 
of observational data, while the results find instant use in every 
part of the globe. In another direction, studies concerning oceanog- 
raphy and certain aspects of marine biology can be advanced only 
through international cooperation, and the results are of immediate 
use in many countries. The researches of Dr. V. Bjerknes, in 
Norway, conducted with the cooperation of the Carnegie Institution, 
in the field of fundamental physical-mathematical studies relating 
to the atmosphere, have contributed to the advance of meteorology 
in every country of the world. Investigations by the Geophysical 
Laboratory on the nature of the earth, and with particular reference 
to volcanic phenomena, have needed the results of studies in the 
United States, Japan, East Indies, Africa, Europe, and South 
America. At all times there has been the utmost of cooperation 
from all countries which have been touched, and the results have 
become available for the peoples of these regions. 

It is interesting to observe that among the nations of the world 
at the present time the contributions of science and culture have 
tended to bring together, and hold together, some of those units 
which have relatively small power in the sense of international 
control, but in which the cultural and scientific influences have 


2614 PUBLISHED PAPERS AND ADDRESSES 


certainly furnished guidance of exceptional significance for the 
world. 


SCIENCE AND THE Unity or Our ENVIRONMENT 
Carnegie Institution of Washington Year Book No. 35, pp. 9-13, 1936. 


Assuming that the major contributions to science and research 
made by the Institution relate to man’s environment, along with 
his physical structure and functioning, rather than to man in the 
strictly human sense, or to his creative work, it is important to note 
that investigation of our environment is largely of the analytical 
type. But there is another feature of the problem which requires 
attention, and for which the need is not less than for other kinds of 
investigation. This is the examination of our surroundings in the 
sense of their unity or their synthetic value. 

The universe in which we find ourselves is the product of what 
seem to us practically infinite ages of creative activity, building the 
earth, shaping it to the present configuration, and peopling it with a 
vast range of life. In this world the elements have been adjusted to 
each other through eons of give and take and evolution, until a 
tremendous complex faces us with its parts well fitted together. 
Man grew up in this environment, being in fact a part of it and a 
growth out of it. His whole being has been attuned to it physically, 
intellectually, and spiritually. 

Man with his creative mind proceeded then to develop that type 
of organized effort which made beginnings of common culture 
possible and also, in the social sense, heritable. Groups of men 
extending their activities through society began here a battle with 
their surroundings. Suspicion of the shadowy forest and fear of the 
torrent gave place to contempt as man saw himself becoming master. 
And soon he was not merely conqueror but a destroyer. Forests 
fell in his march. Living creatures became vassal, or fugitive, or 
they vanished. In joy of use, man’s creative work produced a new 
world, in which much of what remained was ordered to suit his 
needs or to please his fancy. The values of adjustment and inter- 
play in nature, established through ages of growth and evolution, 
were no longer in balance, for, in part, man’s will had been substi- 
tuted for this balance. Much from the original elements of nature 
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remained, but the unity and the synthetic factors were changed. 
The resources of nature upon which man is dependent continued in 
considerable part as separate elements, but the organization was 
disrupted, and many of the values were lost. 

In recent decades mankind has raised question as to what it 1s 
that has been lost, but the answer can be given only in terms of 
original materials and of conditions now largely destroyed. Only 
in part has science mastered the problem of the organized natural 
world as resulting from the creative process. To a still less extent 
did the agencies concerned in destructive processes learn to know 
what it was they destroyed. 

We have come now to learn that a forest is not just board feet 
per acre, but consists of all the elements in life from the most 
insignificant to the greatest, and if it is to be replaced it must be on 
the basis of all values concerned; so it is with the whole natural 
world. 

In discussing the functions of research and science as they concern 
man with reference to his being, his constructive activities, his 
relations with his surroundings natural and human, it is desirable 
to note that the physico-biological environment is not just atoms, 
rocks, chromosomes, plants, and animals. It is also the picture of 
these things composed by nature in the millions of years during 
which the perspective of space, and time, and color, and movement, 
and growth was being defined. Perhaps what we call beauty in it 
all is partly an expression of inheritance in a mind so long accus- 
tomed to these values that they seem inherent in thought. 

Research on this phase of nature so far as it concerns individual 
natural resources calls attention to the possibility that many values 
not now appreciated, but to be needed later, are perhaps in process 
of extinction. Not until we have come to know all of our present 
and future needs and all that is in nature, with the relation 
between these elements, should we permit anything to disappear, 
or allow the types of adjustment attained in nature to be dislocated. 
Examination of any part of the world that has passed through the 
development of intensive civilization shows the modifying influence 
of man upon the face of nature. 

The progress in America through recent decades of what we call 
conservation, and for the world as a whole through centuries, has 
concerned itself with preservation and best use of our inheritance 
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in nature. Conservation and replacement of forests still remains 
one of our most interesting and important problems, partly by reason 
of the fact that the forest is in general still an element of wild nature 
in the process of domestication and utilization. The vigorous dis- 
cussion of conservation problems in other lands, and in our own 
country at the moment, expresses in various ways the values in- 
volved in this question. The fundamental elements are worthy of 
the most intensive study as to their scientific meaning, and ulti- 
mately in terms of their human significance. 

To some extent the Institution has concerned itself with research 
on the environment as here considered. Studies of Dr. R. W. 
Chaney upon the history of environments, physical and biological, 
in the western part of America and in Asia make a contribution to 
biology and history of much importance. The work of Dr. F. E. 
Clements on the ecological problem in America has made many new 
paths which future investigators and appliers must follow. Activi- 
ties of the Division of Plant Biology, concerned at the same time 
with study of hereditary factors in plants and with the relation of 
plants to their environment, furnish a safe foundation on which to 
build. And this program is advanced by cooperation with leading 
investigators throughout the world. 

A problem of limited scope has been examined recently in the 
study of a small area on the coast of California containing the only 
existing remnant of a primitive Monterey cypress forest with its 
associated plants and animals. The research has given opportunity 
for examination of a question of this type from the point of view of 
all sciences concerned, and with consideration also of human use 
extending out even to the securing of expert knowledge on scientific 
values as they touch the field of esthetic appreciation. The co- 
operation of the Carnegie Corporation of New York in furtherance of 
this study at Point Lobos has made feasible the conduct of an 
investigation which will have lasting influence in the study of man’s 
relation to his environment. 


E.iigu Roor 
Carnegie Institution of Washington Year Book No. 36, pp. 1-5, 1937. 
One of the most effective means for estimating the importance of 


Elihu Root to the Carnegie Institution is found in noting the extent 
of his influence upon policies and activities during those later years 
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in which it was no longer possible for him to attend meetings of the 
Board and Executive Committee. At no time during this period of 
his absence from the administrative offices or from the council room 
was any major question discussed without reference to policies or 
opinions representing Mr. Root’s point of view. So, it has come 
about that with the passing of Elihu Root, on the seventh of Feb- 
ruary, 1937, a relation which had obtained since the founding of the 
Institution in 1902 continued as an established influence upon the 
objectives and policies of the Institution. 

At the time of his separation from us, Mr. Root was the only 
surviving member of the original Board of Trustees, and was the 
only person fully acquainted with the ideals and purposes expressed 
by Mr. Carnegie in founding the Institution. In his relation to the 
administration Mr. Root served as a member of the Executive 
Committee from 1902, as Vice-Chairman of the Board from 1903 
to 1912, and as Chairman from 1913 to 1937. These contacts gave 
him complete acquaintance with the administrative and scientific 
activities from the beginning. Through this touch with the pro- 
gram he had full appreciation of factors which had made it im- 
portant on one hand to maintain those activities and objectives, 
the soundness of which time and experience had tested, or, on the 
other side, to recognize the elements which might be allowed to 
follow well-defined lines of evolution toward fields quite different 
from those originally visualized. 

The fact that Mr. Root had full knowledge of ideals, objectives, 
policies, administration, effective progress in fundamental research, 
and concerning the meaning of the Institution in terms of public 
relations may not be considered as due alone to long and close touch 
with the program of work. The high qualities of intellect and in- 
terest, coupled with broad vision and ability to determine the 
essential elements of complicated situations, which distinguished 
him as the foremost citizen of America, made it possible for Mr. 
Root to evaluate the objectives, organization, and accomplishments 
of the Institution. His vision over the whole field of the Institu- 
tion’s work, past and present, was so clear, and his appreciation of 
human questions involved so unusual, that discussion of any prob- 
lem brought help to the Board and to the Administration. 

Mr. Root’s interest in and understanding of what might be 
accomplished through any field of research was always an excep- 
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tional stimulus to investigators and to the Administration, and yet 
this influence was exerted without the danger of becoming lost 
in details or of failure to recognize that careful research is the 
method by which fundamental truths are discovered and verified. 

In conducting business of the Institution, whether concerning 
matters of finance, organization, outside relationships, or plans for a 
research, Mr. Root’s thought was always direct, and his judgments 
determined by uncompromising adherence to principles which 
human experience had shown to be the most reliable. Were it not 
that this was known to be his established method of procedure, one 
might have been inclined to think that in treatment of problems 
concerning the search for scientific truth, the unvarying acceptance 
of realities and what they imply as seen in science had come to have 
an influence on research administration. Actually the conditions 
described were those under which administration of research was 
itself held to consistent support of precision and truth, whether 
in financial arrangements, organization, or in the methods by which 
investigations were advanced. 

In development of the many fields of activity represented within 
the Institution, Mr. Root’s interest was always keen, whether the 
problem concerned atomic physics, geologic time, the significance 
of chromosomes or genes, historical research, or certain of those 
fields of investigation in which science and the humanities may 
combine to mutual advantage. Mr. Root was an ardent supporter 
of the idea that the Carnegie Institution should be so organized as 
to permit mutual aid among the projects or departments, as well as 
between the groups of the Institution and other comparable agen- 
cies. In some measure progress of certain Institution researches in 
recent years has been made possible through his support of this view. 

Following the principle concerning importance of quality in 
personnel advocated by Mr. Carnegie, Mr. Root gave his support 
consistently to selection of the best type of man, as also to what 
seemed the most significant type of problem. At the same time he 
supported the view that good men and good problems must have 
good organization and good environment, both mechanical and 
human, if the highest success 1s to be attained. 

Although insistent in support of the idea that institutions devoted 
to research have a primary responsibility for advancement of knowl- 
edge, Mr. Root maintained also the importance of recognizing 
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responsibility on the part of the Institution for making the results 
of its investigations available in easily interpretable form for use by 
the world of science, by engineering, for general application, and for 
understanding by the people. It was his view that the continuing 
advance of science depends in considerable measure upon offering 
to the public opportunity to educate itself with reference to the 
accomplishments of research regarding the fundamental nature of 
the world of things about us, as well as of man himself. 

In his later years, Mr. Root often referred to the fact that among 
the problems which seem to have increasing importance, one of the 
most significant concerns the need for making sure that the funda- 
mental elements derived from major scientific advances are so 
interpreted and presented that they may become embedded in the 
thought of the people. Without such handling of the materials 
of science Mr. Root considered that the rate of progress might be 
slow and the advance of civilization perhaps impeded. 

The attitude of Mr. Root toward interpretation of results of 
research is well illustrated by comment which he made some years 
ago at the end of an Executive Committee meeting devoted to 
discussion of administrative detail. Having finished the work 
which required a vote of the Executive Committee, Mr. Root drew 
back his chair and said, “We will now consider matters which repre- 
sent more fundamental responsibilities of the Institution,” and for a 
half hour discussed the desirability of making the public acquainted 
with some of the most interesting and fundamental discoveries in 
study of the spiral nebule, ending with the comment, “If such 
things could be interpreted to the public in simple form, it would be 
worth half of the total expenditure of the Institution.” He gave 
his enthusiastic support to the attempt to plan carefully prepared 
public lectures, conferences, and exhibits, and on one occasion 
remarked with particular reference to functions of a proposed 
addition to the Administration Building for use in public relations, 
“You will be carrying out some of the purposes of the Institution in 
which Mr. Carnegie was especially interested.” 

While, then, we miss the immediate companionship, support, and 
stimulus of the man who through this long period has helped faith- 
fully and effectively to carry out the purposes which led Mr. Car- 


negie to found the Institution, we may yet say that his influence 
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will continue to be felt, and his voice to be heard, through the 
coming years however far they may stretch. 


SCIENCE AND SociAL PROBLEMS 
Carnegie Institution of Washington Year Book No. 36, pp. 6-11, 1937. 


In the search for interpretation of certain characteristic present- 
day conditions, investigational activities of recent years have 
placed such emphasis upon the relation of science to the processes 
of social evolution that a considerable literature on the subject has 
developed. In spite of the many suggestions made, there is prob- 
ably general agreement with the idea that the influence of science 
upon society is not in any sense comparable to the kind of effect 
produced by purely physical laws. The farther we advance in 
consideration of the problem, the clearer it is that the answer will 
be obtained only after we have a clear understanding of the content 
and mode of development in science, of the structure and mode 
of evolution of society, of the manner in which new facts presented 
by science are absorbed, and of the way in which the methods of 
science are adapted to processes of human thought. 

It is necessary that within the field of science we know the degree 
of complexity of organization and classification of subjects. It is 
equally important that in society we not merely have appreciation 
of the difficulties in interpretation of the influence of science, but 
that we attain a degree of awareness of interdependence among 
social elements comparable to our understanding of the interrela- 
tion among elements involved in the unity of nature. 

In advance of science, just as in affairs of everyday life, attain- 
ment of success involves that balance of judgment which brings to 
bear both knowledge of details and the kind of vision which gives 
perspective comprising the factors involved. Even infinite patience 
in gathering details may lead only to accumulation of multitudes of 
facts the possession of which will have little significance. So, 
looking in the other direction, construction of elaborate classifica- 
tion schemes and formulation of comprehensive theories may have 
small value in absence of intimate acquaintance with basic details. 

We consider that science is advanced when a previously unknown 
fact or a new item of information is located and described. Subse- 
quent history may show that the utilization of the fact with relation 
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to other knowledge, or its application for the benefit of mankind, 
may be delayed to a period far beyond the time in which the greatest 
emphasis is placed upon the discovery. When, at some later day, 
the item of knowledge is put in its place with relation to other 
materials, this useful contribution may be considered greater than 
that represented by the original discovery. 

The formulation of great hypotheses, or of theories, or of points 
of view concerning interrelation of elements in the field of knowledge 
may be seen as something of exceptional importance in the advance 
of science or of civilization. But often we place larger emphasis on 
mere discovery of isolated elements. Again, we give high measure 
of approbation to utilization of new information, either through 
isolated facts or as representing points of view, when applied in such 
manner as to better the position of human kind with reference to 
maintenance of life, to advancement of individual interests, or to 
appreciation and enjoyment of values in living. In the forward 
march of science and civilization we seem to pass through periods 
in which we are concerned with intensive delving for facts or mate- 
rials or items considered important in themselves. At other 
times we direct attention toward organization of these materials 
into patterns of special human significance. 

Periods of exceptional stress, such as the Great War, or the recent 
depression, tend to emphasize reorganization of materials in such 
manner as to contribute the maximum toward betterment of the 
situation for mankind. In the middle and late stages of the recent 
depression large contribution has been made in this country toward 
reorganization of knowledge, formulation of new views, and estab- 
lishment of new institutions in the interest of human betterment. 
Though science has been drawn upon largely to aid in working out 
these plans for reorganization, seemingly one of the greatest difficul- 
ties has concerned attainment of proper balance between details 
involved and the theoretical conception, or between the conception 
and its human application. Perhaps the lessons taught by this 
experience will help to point the way toward better appreciation of 
balance in organization involving both science and the various 
forms of its application. 

The much-desired cooperation between students of human affairs 
through joint effort of workers in the fields of the natural and social 
sciences, economics, government, and philosophy has seemed less 
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easy of realization than was perhaps expected. There can be no 
doubt that certain of the attitudes and methods of science appear 
dificult to use in application to human relations, and that the 
methods applied so directly in the natural sciences often seem 
inadequate in research upon our vastly complicated human ques- 
tions. There are, however, many aspects of research procedure 
developed in the natural sciences which will have increasing value 
in application, either directly or indirectly, through various phases 
of the social sciences. 

There is importance in the idea that while in certain aspects of 
natural science, as in physics and chemistry, one seems to deal with 
immutable or fixed laws, the factors presented for consideration in 
social science broadly or in economics shift so readily that the meth- 
ods of natural science can be applied only with difficulty. It is, 
however, well to remember that problems in biology also show us a 
situation in which changing conditions, and apparently changing 
factors, present one of the recognized features in any investigation. 
The larger history of evolution in life-forms gives one of the best 
illustrations of continuous change, and yet these changes seem to 
depend upon fundamental laws which may continue in operation 
much as in physics or chemistry while new factors come and others 
go. The general principle of evolution rests upon the idea of con- 
serving certain features which might be called fundamental, and 
the continuous shift in others, leading to production of new situa- 
tions or features which may be recognized as creation. 

In the rapid shift of human affairs, conditions, opportunities, 
and obligations change so rapidly that we may tend to the view that 
the laws of conduct themselves have changed fundamentally. So 
we seem almost to find in international diplomacy a new statement 
of human obligations, and a new interpretation of principles which 
have had general recognition among individuals over the world. 
And yet, we may have faith that things which are recognized as 
representing the principles of right and honesty will in the end 
prevail. Perhaps neglect to recognize this point of view is responsi- 
ble for some of the difficulty in the world at the present time. 

It is also to be borne in mind that we must not only recognize the 
principle of change or evolution in whatever relates to life, but we 
must give recognition to the principle of constructive or creative 
activity developing in the peculiar types of creatures known as 
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human beings. But creative activity does not rest upon a breaking 
down of law. It is a natural expression of certain laws through 
means which make evolution and the development of new elements 
possible. 

Orderly movement in social evolution probably depends in con- 
siderable measure upon our ability to determine the balance which 
should obtain among some things which are of the nature of im- 
mutable laws, others which we find leading to evolutionary develop- 
ment, and still other features in human life which have to do with 
constructive or creative activity. This may be one of the great 
questions for the future. 

One aspect of this problem, which is probably often misunder- 
stood, has to do with the influence of science upon society in the 
sense of utilization of facts merely as facts, and not as parts of a 
wider scheme of knowledge. It is possible to bring extreme con- 
fusion into human affairs through the use of facts. This may be 
illustrated when on two sides of a legal case opposing talent uses 
scientific information, but in each case covering only a part of the 
evidence. Facts are used, but not all of the facts, and such situa- 
tions make controversy possible. It has been said that truth differs 
from fact in that truth represents all of the facts, or, as is said com- 
monly, all of the truth, so set up as to give a clear picture of what 
exists. It has also been said that honesty is the expression of fact 
or of the truth as involved in discussion of human relations. 


SCIENCE AND APPRECIATION OF NATURE 
Carnegie Institution of Washington Year Book No. 36, pp. 11-13, 1937. 


One illustration of a way in which science has been held to affect 
present-day thought is found in the suggestion that research has 
tended to diminish the interest of mankind in the vast world of 
nature about us. This is in spite of the fact that we are practically 
embedded in nature, and that much of man’s philosophy of life in 
past centuries has based itself upon observations concerning the 
character of the world in which we live and our relation to it. 

The argument in favor of the view that there is diminishing 
interest in nature on the part of modern man rests in considerable 
part upon the idea that present-day tendencies look toward shifting 
of appreciation to results of mechanization in the world, and to 
some extent 1n the life of man, by reason of advances of science. It 


2624 PUBLISHED PAPERS AND ADDRESSES 


has been thought that jazz, the radio, the automobile, and many 
other contributions of present-day thinking have turned interest 
away from the elements of nature and that, considered broadly, 
mankind of today transfers its attention to the varied, and often 
mechanized, activities of man, rather than toward the tremendous 
range of evidences of creation in the world about us. 

If it be true that the coming of science has diminished interest 
and value found in nature, serious harm has been done. Much of 
our reverence and religion of the past had its origin in what we know 
of the still incomprehensible world of nature, and much of the sooth- 
ing influence exerted upon man through his environment has been 
derived in some measure from the appeal of the natural world and 
love of its beauty. It is, therefore, a matter of importance to con- 
sider whether the influence of science in this respect is really detri- 
mental. 

Whatever argument is presented on one side or another of this 
question will almost inevitably become complicated, but it is 
important at the moment to call attention to the fact that with the 
extension of our knowledge of the universe through science in all 
directions, by the telescope into the infinite spaces inhabited by 
spiral nebule, by the microscope into the infinite littlenesses of the 
world of bacteria and molecules, or by the student of history 
through the vast reaches of time, we have come to see the world 
as almost infinitely complicated, and yet having all of its parts 
intimately related. Therefore we think with some assurance on the 
idea of unity of nature. At the same time we have seen the move- 
ment of the world through time develop that aspect of being which 
we call evolution, producing further developments, not only more 
complicated, but which we consider more advanced than those of 
preceding ages. So, seen in the light of the broader reach of science, 
the world about us becomes more complex and more wonderful, and 
-yet more dependable, more clearly creative, and more beautiful. 
And question may well be raised whether the influence of science 
through interpretation of the world in which we live does not tend 
to advance or develop our interest in or appreciation of nature more 
rapidly than the elements of mechanization tend in the other direc- 
tion to turn our attention away from nature and largely to the 
present-day works of man. 
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RELATION BETWEEN RESEARCH AND ORGANIZATION OF KNOWLEDGE 
Carnegie Institution of Washington Year Book, No. 37, pp. 1-8, 1938. 


In founding the Carnegie Institution an agency was set up in 
which the purposes were deliberately so defined as to present a set 
of objectives quite different from those of well known types of 
organization. And with this action there arose need for intensive 
study of the opportunity by all selected officers and those con- 
cerned with success of the project. The general purposes of the 
Institution as an agency devoted to “investigation, research, and 
discovery, and the application of knowledge to the improvement of 
mankind,” as defined by the Founder, conveyed an idea of the ob- 
jectives in a form intelligible to all. But, just as in institutions 
devoted to higher education there was much discussion as to means 
by which the defined goals might be attained, so here, there has 
been natural and proper consideration of means by which ideals of 
this Institution could be realized. 

Research of the constructive or creative or inventive type covers a 
vast range of subjects and can be conducted in a great variety of 
ways. Application of the results “to the improvement of mankind” 
can be viewed again as presenting a multitude of possibilities. To 
those who organized the beginnings of this great work the oppor- 
tunities seemed almost limitless. Most wisely they safeguarded 
the program by insisting upon several principles which were evi- 
dently in the mind of the Founder. One of these concerned quality 
of projects, of persons involved, and of materials made available 
for programs or projects; a second general requirement expressed 
the need of striving for attainment of what is fundamental as, over 
the years, the best means of advancing knowledge. With reference 
to application of results, the statement regarding “improvement of 
mankind” seemed clearly to envisage a process of advancing de- 
velopment of mankind, in which work of the Institution would be 
contributing to those more fundamental aspects of life out of which 
improvement grows or is built. So, among his last utterances on 
these subjects, Elihu Root voiced the hope for such continuing 
absorption of the results in advance of knowledge into the thought 
of the people as would permit building to higher and higher levels 
of thought, appreciation, and belief. 

Among the problems necessarily involved in the program of an 
institution of this nature, one of the most fundamental concerns the 
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relation between that form of intensive investigational activity 
commonly thought of as representing research, and the type of 
constructive activity known as organization of knowledge. We 
know well the contributions of constructive or creative work reach- 
ing into fields of the unknown and making new materials available. 
Organization of knowledge is recognized as opening visions of the 
whole field, and sometimes leading to such glimpsing of relations 
between areas of knowledge as makes possible the formulation of 
great generalizations or principles. The first activity has been 
recognized as contributing enormously to advancement of knowl- 
edge; the second is seen to give acquaintance with relationships or 
principles which are among the most important values in knowledge. 

Depending upon the importance of factors having special signifi- 
cance at a given time, knowledge may seem to be advancing either 
by reason of particular intensive researches, or because of emphasis 
on newly developed organization of information. Unless the whole 
field of learning be examined with reference to all of the types of 
creative work, it would be easy for difference of opinion to develop 
concerning the activities through which the more important ad- 
vances are made. 

From one point of view, it would be possible to indicate that the 
degree of intensiveness of research in limited fields determines the 
rate of progress. If this were true, it might be desirable to organize 
investigational programs in such a manner that emphasis would be 
placed mainly on concentrated attack upon limited problems, in 
the hope that through such effort the whole range of knowledge 
would, in time, be furthered most effectively. 

On the other hand, argument might be made that unless the 
results coming out of intensive research are related to comparable 
materials from other fields a very large part of all that could be 
known through the interlocking of contributions might never appear. 
Argument might also be made in favor of the view that it is the clear 
vision of knowledge organized with reference to particular problems 
that gives us the principles which become the foundations upon 
which research is built. So, in the field of biology, the general law 
of evolution is a type of idea which has given tremendous stimulus 
to study of life in practically every realm. Or, in the inanimate 
world, the law of gravitation is a foundation upon which much of 
research on the visible universe must stand. 
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Experience in many kinds of institutions concerned with research, 
and with knowledge broadly, indicates that the most effective 
organization, and the most economical scheme of operation, is one 
in which there is careful balance between activities devoted to 
intensive or concentrated research and those giving vision over 
larger areas, covered in such manner as to obtain the major 
generalizations coming out of special activities, as also the largest 
values from the individual researches. 

It is true that the term “proper balance’’ will necessarily be 
defined according to conditions at a particular period or place. 
And as these conditions vary the emphasis on different parts of the 
system will be modified to advantage. It 1s also true that the 
question of balance, and in some ways of the wider and deeper 
perspective involved, has greatest significance in connection with 
institutions which represent a considerable variety of subjects. 

Realizing that the significance of perspective is most clearly ap- 
preciated where the spread of subjects or activities is wide, it is im- 
portant to keep in mind the fact that in the areas of research covered 
by the Carnegie Institution of Washington the range of interests 
extends from the most intimate details of atomic physics out through 
chemistry, biology, and history up to the threshold of investigations 
directed more particularly at inquiry concerning human life and 
activities. 

It is interesting to note in this connection that at various times in 
the history of science, and of philosophy, and also of religion, there 
have developed definite expressions of the idea of unity, including 
everything in the physical and biological universe, not only in 
space but through time. As knowledge advances, This idea of unity 
becomes in the scientific sense an increasingly practical feature of 
research on the organization of knowledge. It is no longer possible 
to study the broader problems of astronomy and the universe with- 
out recognition of an interrelation among the elements of the 
world about us wherever we touch them. In the same manner it is 
discovered that study of events in geological history, even for re- 
mote periods, is based upon application of principles which extend 
through time, and may be carefully examined in the world today. 
Again in consideration of the problem of development of life or 
evolution, investigation of the various stages in the process is 
based upon the idea of growth through the years in materials which 
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have a continuity and are, so far as we know, affected in com- 
parable ways by influences through space and time. 

In attempting to reach an adequate understanding of relations 
between widely separated types of researches it invariably becomes 
important to have each and all of the problems involved stated in 
such manner that the essential elements are intelligible to investi- 
gators interested in determining the connection or relation among 
these various aspects of nature. Results from the most intensive 
research will commonly and naturally be expressed in terms of 
formule and shorthand methods, developed in order to permit the 
investigators to work rapidly and exactly, without the limitations 
imposed by long and perhaps complicated statements or explana- 
tions. Frequently these formule are not understood by investiga- 
tors in other fields, and it becomes important to find some means by 
which the essential elements of the contributions can be made 
available to others. 

There is much difference of opinion as to how interpretation of 
basic scientific data may best proceed. Sometimes it is accom- 
plished by what may be called a matter-of-fact statement, which 
gives details that can be defended from the point of view of the 
investigator, but which has no vital meaning to students of other 
problems or of human interests widely. Sometimes it is possible to 
look into deep reaches of a particular field and appear to visualize 
the materials represented, but in many cases the result has no 
greater significance in terms of intellectual progress than the impact 
of light rays picturing a particular landscape on the retina of an ox. 
There must be some conscious relation of the elements represented 
to each other, or in the sense of research and knowledge nothing 
happens. 

In the case of phenomena such as those of the Grand Canyon 
observers may look into the depths of the great gulf, with its rugged 
and spectacular walls, and of fifty persons receiving the same picture 
on the retina only one or two may have a sense of understanding of 
what it means. Another person may come who fits the various 
elements together and who brings out of his experience the beauties 
of color and form, the grandeur of height and of mass, and with this 
the sublimity of power and of changes in the past which have pro- 
duced these effects, and at the same time have recorded the lapse of 
ages constituting one of the most important elements of the picture. 
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As yet we have made only too little progress in the attempt to find 
the best way to interpret the facts of science so as to make them 
intelligible, not merely to the public, but to investigators in other 
fields of research as well. In reality this constitutes one of the major 
problems involved in consideration of the future of science and of 
knowledge. 

Granted that we become expert in the simple and clear interpreta- 
tion of data in the various fields of research, it becomes possible then 
to bring the pictures of these aspects of research together, and to 
form opinions concerning their relation to one another; thus bringing 
about relation of materials which may furnish the ‘eumdatione for 
generalizations; the generalizations in their turn contributing to- 
ward interpretation of details in other fields. 

So there is reason to believe that in any scheme by which we 
attempt to secure the fullest values through research, and from the 
organization of knowledge, we will be dependent to a considerable 
extent upon our ability to interpret the details in such form that 
they may be fitted into the general setting, and thus help to ad- 
vance those generalizations which may become fundamental principles 
of science. 

As the program develops, it becomes increasingly clear that one 
function of the Carnegie Institution lies in making possible such 
relation of our various types of specialized research to one another 
as will bring largest values for each research, and will also facilitate 
building upward in the broader scheme of knowledge. This process 
will depend in some measure upon acceptance of the idea that all 
elements of nature, and of knowledge, have interrelationships. 
We now realize that no science can exist alone; no branch of knowl- 
edge can exist alone; all must be related to other knowledge if they 
are to attain their largest value. 
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Report of the President of the Carnegie Institution of Washington. Carnegie 
Inst. Wash. Year Book No. 21, pp. 1-32, pl. (Dec. 15). (Excerpts) IV, 
2565, 2567. 

[Report of] Merriam, John C., and associates. Continuation of palaeonto- 
logical researches. Carnegie Inst. Wash. Year Book No. 21, pp. 398-400 
(Dec. 15). 

ISS) 

The cats of Rancho La Brea. (Abstract.) Four. Wash. Acad. Sci., vol. 13, 
no. 11, p. 238 (June 4). 

Report of the President of the Carnegie Institution of Washington. Carnegie 
Inst. Wash. Year Book No. 22, pp. 1-30 (Dec. 14). (Excerpt) IV, 2570. 
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[Report of] Merriam, John C., and associates. Continuation of palaeon- 
tological researches. Carnegie Inst. Wash. Year Book No. 22, pp. 351-353 
(Dec. 14). 

1924 

History and education. (Convocation address at George Washington 
University, Feb. 22, 1924.) George Washington Univ. Bull., vol. 23, no. 1, 
12 pp. (Mar.). IV, 1947. 

The National Academy of Sciences. (Address at dedication of building for 
National Academy of Sciences and National Research Council, Washington, 
Apr. 28, 1924.) Science, n. s., vol. 59, no. 1532, pp. 407-408 (May 9); 
Ann. Rept. Nat. Acad. Sci., fiscal year 1923-1924, pp. 46-49 (1925). IV, 
2047. 

Recreational, economic, and scientific values of wild life. (Address before 
National Conterence on Outdoor Recreation, Washington, May 22, 1924.) 
National Conf. on Outdoor Recreation, 68th Congress, 1st Session, Senate 
Doe. no. 151, pp. 17-21; Playground (New York), vol. 18, no. 4, pp. 203-204 
(July). IV, 2156. 

Present status of investigations concerning antiquity of man in California. 
(Paper presented before National Academy of Sciences, Washington, Apr. 
29,1924.) Science, n.s., vol. 60, no. 1540, pp. 1-2 (July 4). III, 1626. 

Dedication address. (Dedication of Franklin K. Lane Memorial Redwood 
Grove, Aug. 24, 1924.) Dedication of the Franklin K. Lane Memorial 
Grove, pp. [3-5]. Berkeley: Save the Redwoods League. IV, 2161. 

Report of the President of the Carnegie Institution of Washington. Carnegie 
Inst. Wash. Year Book No. 23, pp. 1-32, pl. (Dec. 12). (Excerpts) IV, 
2570, 2572. 

[Report of] Merriam, John C., and associates. Continuation of palaeonto- 
logical researches. Carnegie Inst. Wash. Year Book No. 23, pp. 293-296 
(Dec. 12). 

1925 

Recent progress in seismological research. “Earthquake studies,” Trans. 
Commonwealth Club Calif., vol. 20, no. 6, pp. 208-214 (Sept. 1). III, 
1821. 

Relationships and structure of the short-faced bear, Arctotherium, from the 
Pleistocene of California. (With Chester Stock.) Carnegie Inst. Wash. 
Pub. No. 347, paper I, pp. 1-35, figs. 7, pls. 1-10 (Oct. 8). III, 1489. 

A llama from the Pleistocene of McKittrick, California. (With Chester 
Stock.) Carnegie Inst. Wash. Pub. No. 347, paper II, pp. 37-42, figs. 4 
(Oct. 8). III, 1484. 

The Pliocene Rattlesnake formation and fauna of eastern Oregon, with notes 
on the geology of the Rattlesnake and Mascall deposits. (With Chester 
Stock and C. L. Moody.) Carnegie Inst. Wash. Pub. No. 347, paper III, 
pp. 43-92, figs. 45 (Oct. 8). I, 596. 

Report of the President of the Carnegie Institution of Washington. Carnegie 
Inst. Wash. Year Book No. 24, pp. 1-36 (Dec. 11). (Excerpt) IV, 2574. 
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[Report of] Merriam, John C., and associates. Continuation of palaeonto- 
logical researches. Carnegie Inst. Wash. Year Book No. 24, pp. 358-360 
(Dec. 11). 

Remarks on the place of education in a research institution. (Abstract from 
President’s address at annual meeting of Board of Trustees of Carnegie 
Institution of Washington, Dec. 11, 1925.) 11 pp. Printed in accordance 
with a resolution of the Board. IV, 2535. 

1926 

Ancient footprints in the Grand Canyon. Scribner's Mag., vol. 79, no. 1, 
pp. 77-82, figs. 4 (Jan.); republished with revisions and additions, under 
the title “Footprints on the path of history,” as chap. 6 in The living past, 
pp. 95-110 (1930). III, 1913. 

[Statement of Dr. John C. Merriam on National Arboretum.] Hearings 
before the Committee on Agriculture, House of Representatives, 69th Congress, 
ist Session, on H. R. 3890, January 19, 1926 (Serial E), pp. 16-19. IV, 
2305. 

The responsibility of federal and state governments for recreation. (Address 
before Second National Conference on Outdoor Recreation, Washington, 
Jan. 20, 1926.) National Parks Bull. (Washington), vol. 7, no. 49, pp. 5-8 
(Mar.); National Conf. on Outdoor Recreation, 69th Congress, 1st Session, 
Senate Doc. No. 117, pp. 30-35 (May). IV, 2165. 

International cooperation in historical research. (Presented for inclusion in 
program of Second Pan American Scientific Congress, Lima, Dec. 1924.) 
Bull. Pan Amer. Union, vol. 60, no. 3, pp. 219-222 (Mar.). IV, 1983. 

Problem of the Pliocene in the Pacific Coast and Great Basin regions. (Ab- 
stract.) Bull. Geol. Soc. Amer., vol. 37, no. 1, p. 156 (Mar. 30); Pan Amer. 
Geologist, vol. 45, no. 2, pp. 159-160 (Mar.). 

Panama and the problem of human migration. (Presented for inclusion in 
program of Pan American Congress, Panama, June 1926.) Bull. Pan 
Amer. Union, vol. 60, no. 8, pp. 787-789 (Aug.). ITI, 1629. 

A National Park creed. National Parks Bull. (Washington), vol. 8, no. 50, 
p- 3 (July); vol. 9, no. 54, p. 5 (Nov. 1927). IV, 2177. 

A Pliocene bear from Oregon. (With Chester Stock.) (Abstract.) Science, 
n. s., vol. 64, no. 1664, p. 508 (Nov. 19). ) 

Report of the President of the Carnegie Institution of Washington. Carnegie 
Inst. Wash. Year Book No. 25, pp. 1-36 (Dec. 10). (Excerpts) IV, 2575, 
2577. 

[Report of] Merriam, John C., and associates. Continuation of palaeon- 
tological researches. Carnegie Inst. Wash. Year Book No. 25, pp. 403-407 
(Dec. 10). 

Medicine and the evolution of society. (Address at dedication of School of 
Medicine and Dentistry of University of Rochester, Oct. 25,1926.) Science, 
n. s., vol. 64, no. 1669, pp. 603-609 (Dec. 24). IV, 2396. 

1927 

The story of aleaf. Scribner’s Mag., vol. 81, no. 2, pp. 130-134, figs. 3 (Feb.); 
republished with slight revisions as chap. 3 in The living past, pp. 41-54 
(1930). III, 1891. 
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[Remarks on the problem of the Smithsonian Institution.] Proc. Conf. on 
Future of Smithsonian Inst., Feb. 11, 1927 (Washington), pp. 60-65 (Mar. 1). 
IV, 2465. 

Are the days of creation ended? Scribner’s Mag., vol. 81, no. 6, pp. 612-618 
(June); republished with slight revisions as chap. 7 in The living past, pp. 
113-144 (1930). III, 1921. 

Inspiration and education in national parks. National Parks Bull. (Wash- 
ington), vol. 9, no. 53, pp. 3-5 (July). IV, 2172. 

The cave of the magic pool: the meaning of a fragment. Scribner's Mag., 
vol. 82, no. 3, pp. 264-272, figs. 7 (Sept.); republished with slight revisions, 
under the title “The meaning of a fragment,” as chap. 1 in The living past, 
pp. 3-26 (1930). III, 1877. 

Our sister societies. (Address at bicentenary dinner of American Philosophical 
Society, Philadelphia, Apr. 30, 1927.) Proc. Amer. Philos. Soc., vol. 66, 
jm, UHI I, AOS), 

A hyaenarctid bear from the later Tertiary of the John Day Basin of Oregon. 
(With Chester Stock.) Carnegie Inst. Wash. Pub. No. 346, paper III, pp. 
30-44, pl. 1 (Nov. 1). I, 662. 

Report of the President of the Carnegie Institution of Washington. Carnegie 
Inst. Wash. Year Book No. 26, pp. 1-35 (Dec. 9). (Excerpt) IV, 2578. 

[Report of] Merriam, John C., and associates. Continuation of palaonto- 
logical researches. Carnegie Inst. Wash. Year Book No. 26, pp. 363-366 
(Dec: 9). 

1928 

What science can do for forestry. (Address before Conference on Com- 
mercial Forestry, Chicago, Nov. 16, 1927.) Report of the Conference on 
Commercial Forestry, Natural Resources Production Dept., Chamber of 
Commerce of U. S., Washington, pp. 167-173 (Feb.). IV, 2310. 

Doctor Walcott as a paleontologist, and his relations with the Carnegie 
Institution of Washington. (Address at memorial meeting for Charles 
Doolittle Walcott, Jan. 24, 1928.) “Charles Doolittle Walcott, Secre- 
tary of the Smithsonian Institution 1907-1927,” Smithsonian Misc. Coll., 
vol. 80, no. 12 (Smithsonian Publ. 2964), pp. 5-9 (May 12). IV, 2007. 

An ichthyosaurian reptile from marine Cretaceous of Oregon. (With Charles 
W. Gilmore.) Carnegie Inst. Wash. Pub. No. 393, paper I, pp. i-4, fig. 1 
(May 14). I, 420. 

Forest windows. Scribner’s Mag., vol. 83, no. 6, pp. 733-737 (June); re- 
published with revisions, under the title “A living link in history,” as chap. 
4 in The living past, pp. 57-70 (1930). III, 1897. 

Parks as an opportunity and responsibility of the states. (Address before 
Eighth National Conference on State Parks, San Francisco, June 1928.) 
State Recreation (Washington), vol. 2, no. 4, pp. 10-15 (Aug.). 

A further contribution to the mammalian fauna of the Thousand Creek 
Pliocene, northwestern Nevada. (With Chester Stock.) Carnegie Inst. 
Wash. Pub. No. 393, paper II, pp. 5-21, figs. 14, pls. 1-3 (Sept.). II, 1051. 

Report of the President of the Carnegie Institution of Washington. Carnegie 
Inst. Wash. Year Book No. 27, pp. 1-38 (Dec. 14). (Excerpt) IV, 2579. 
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[Report of] Merriam, John C., and associates. Continuation of paleonto- 
logical researches. Carnegie Inst. Wash. Year Book No. 27, pp. 384-389 
(Dec. 14). 

1929 

Reports with recommendations from the Committee on Study of Educational 
Problems in National Parks. (John C. Merriam, chairman, Harold C. 
Bryant, Hermon C. Bumpus, Vernon Kellogg, and Frank R. Oastler.) 
National Parks Bull. (Washington), vol. 9, no. 56, p. 4 (Apr.). 

Thomas Chrowder Chamberlin. Dictionary of American Biography, vol. 3, 
pp. 600-601. New York: Scribner. IV, 2012. 

The Carnegie Institution of Washington. Reprint from Forschungsinstitute, 
thre Geschichte, Organisation und Ziele, edited by Ludolph Brauer, A. 
Mendelssohn Bartholdy, and Adolf Meyer. 17 pp. Hamburg: Paul 
Hartung Verlag. IV, 2504. 

Lessons of the past as guides for the future. (Radio address given under 
auspices of American Association for the Advancement of Science and of 
Science Service, Dec. 1928.) Carnegie Inst. Wash. News Service Bull., 
serial no. 38, 1929 series no. 7, pp. 41-46, figs. 6 (Apr. 21). III, 1934. 

The twenty-fifth anniversary of initiation of research in the Carnegie Institu- 
tion of Washington. (Address given at Cold Spring Harbor, May 31, 
1929.) Science, n.s., vol. 69, no. 1797, pp. 585-588 (June 7). IV, 2498. 

Preservation of the sequoia forests. Amer. Civic Annual, pp. 116-117. IV, 
2318. 

The meaning of the national parks. mer. Forests and Forest Life (Wash- 
ington), vol. 35, no. 8, pp. 471-472, 542 (Aug.); National Parks Bull. 
(Washington), vol. 10, no. 57, p. 1 (Nov.). IV, 2223. 

Natural phenomena as a source of inspiration in education. (Address before 
annual meeting of American Council on Education, Washington, May 3, 
1929.) Educational Record (Washington), vol. 10, pp. 272-276 (Oct.). 
IV, 2186. 

The contribution of science toward the appreciation of nature. (Address at 
formal opening of Buffalo Museum of Science, Jan. 19, 1929.) Buffalo 
Soc. Nat. Sciences, 1861-1929, 68th Ann. Rept., Fuly 1, 1928—Fune 30, 
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The place of geology among the sciences. (Address at fiftieth anniversary 
celebration of U. S. Geological Survey, Washington, Mar. 21, 1929.) Sci- 
ence, n. S., vol. 70, no. 1821, pp. 491-493 (Nov. 22). III, 1817. 

Reports of John C. Merriam on studies of educational problems in national 
parks. Individual reports of members of the Committee on Educational 
Problems in National Parks, Nov. 27, 1929, pp. 17-23, 25-29. Privately 
printed, Washington. IV, 2192. 

Report of the President of the Carnegie Institution of Washington. Carnegie 
Inst. Wash. Year Book No. 28, pp. 1-92 (Dec. 13). (Excerpt) IV, 2580. 
[Report of] Merriam, John C., and associates. Continuation of paleon- 

tological researches. Carnegie Inst. Wash. Year Book No. 28, pp. 388-391 

(Dee, 118). 
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1930 

Institutes for research in the natural sciences. (Address before Association 
of American Universities, New York, Nov. 8, 1929.) Proc. Assn. Amer. 
Univ., 31st Ann. Conf., 1929, pp. 55-62. IV, 2416. 

The living past. xi + 144 pp., frontispiece and pls. 1-15. New York: 
Scribner (Feb.). III, 1877-1933. 

The practical significance of studies in early human history. (Address at 
semi-centennial celebration of Anthropological Society of Washington, 
Feb. 19, 1929.) Amer. Anthropologist, ser. 2, vol. 32, no. 1, pp. 196-198 
(Jan.—Mar.). III, 1632. 

The significance of the border area between natural and social sciences. 
(Address at dedication of Social Science Building, University of Chicago, 
Dec. 16, 1929.) The new social science, edited by Leonard D. White, 
pp. 28-39. Chicago: Univ. Chicago Press. IV, 2426. 

Plans for educational work of a philosophic character at Yavapai Point, 
Grand Canyon, Arizona. (Abstract.) Bull. Geol. Soc. Amer., vol. 41, 
no. 1, p. 105 (Mar. 31); Pan Amer. Geologist, vol. 54, no. 2, p. 135 (Sept.). 
IV, 2191. 

Making a living—or living. (Address at 98th commencement of New York 
University, June 11, 1930.) 11 pp. New York: New York University. 
IV, 2032. 

Reports with recommendations from the Committee on Study of Educational 
Problems in National Parks, January 9, 1929, and November 27, 1929. 
(With Harold C. Bryant, Hermon C. Bumpus, Vernon Kellogg, and Frank 
R. Oastler.) 30 pp. Privately printed, Washington (June). 

The opportunities of the federal government in research. (Address before 
annual meeting of American Council on Education, Washington, May 10, 
1930). Educational Record (Washington), vol. 11, no. 3, pp. 188-195 
(July). IV, 2469. 

Critical elements in study of early man in southwestern United States. (Ab- 
stract.) Science, n.s., vol. 72, no. 1868, p. 405 (Oct. 17). III, 1637. 

The past as living. (Radio address given under auspices of Science Service, 
over Columbia Broadcasting System, New York, May 23, 1930.) Scien- 
tific Monthly, vol. 31, no. 4, pp. 340-343 (Oct.); Carnegie Inst. Wash. News 
Service Bull., vol. 2, no. 11, pp. 78-82, figs. 6 (Oct. 26). III, 1941. 

The opportunities of the federal government in research. (Abstract.) Bull. 
Amer. Assn. Univ. Professors, vol. 16, no. 7, pp. 536-537 (Nov.). 

Fossils from Rancho La Brea: “A classic of science.” Science News Letter 
(Washington), vol. 18, no. 505, pp. 378-380, figs. 2 (Dec. 13). Reprinted 
in abridged form from “Death trap of the ages” (1908). 

Report of the President of the Carnegie Institution of Washington. Carnegie 
Inst. Wash. Year Book No. 29, pp. 1-53 (Dec. 12). (Excerpt) IV, 2583. 

_ [Report of] Merriam, John C., and associates. Continuation of palzon- 
tological researches. Carnegie Inst. Wash. Year Book No. 29, pp. 396-399 
(Dec. 12). | 
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1931 

The place of research in the progress of the next generation. (Address in 
symposium on “The graduate college and research during the next thirty 
years,” University of Iowa, Nov. 28, 1930). “Trends in graduate work,” 
Univ. Iowa Studies, n. s. no. 194, ser. on Aims and progress of research 
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The unity of nature as illustrated by the Grand Canyon. : (Address at in- 
auguration of President Homer Leroy Shantz at University of Arizona, 
Apr. 24, 1930.) Inaugural Bulletin, Univ. Ariz., pp. 21-32 (June); Scien- 
tific Monthly, vol. 33, no. 3, pp. 227-234 (Sept.). IV, 2225. 

The cats of Rancho La Brea; a climax in evolution. (Abstract.) Science, 
n.s., vol. 74, no. 1927, p. 576 (Dec. 4). 

Report of the President of the Carnegie Institution of Washington. Carnegie 
Inst. Wash. Year Book No. 30, pp. 1-49 (Dec. 11). (Excerpt) IV, 2584. 
[Report of] Merriam, John C., and associates. Continuation of palzon- 

tological researches. Carnegie Inst. Wash. Year Book No. 30, pp. 448-451 
(Dec. 11). 
1932 

The search for spiritual leadership. (Address before Washington convention 
of International Association of Torch Clubs, Inc., May 1931.) Torch Mag. 
(Buffalo), vol. 5, no. 1, pp. 3-6 (Jan.). IV, 2039. 

The tree in the architecture of Washington. Amer. Forests (Washington), 
bicentennial no., vol. 38, no. 2, pp. 76-80 (Feb.). IV, 2236. 

Science and city trees. Amer. Civic Annual, vol. 4, pp. 205-207. IV, 
2241. 

[Remarks at Science Service Round-Table Conference, Apr. 27, 1932.] Sci- 
ence, n. S., vol. 76, no. 1964, p. 155 (Aug. 19). IV, 2045. 

Educational values of recreation. (Address before annual meeting of Amer- 
ican Council on Education, Washington, May 7, 1932.) Educational 
Record (Washington), vol. 13, no. 4, pp. 253-256 (Oct.). IV, 2244. 

Report of the President of the Carnegie Institution of Washington. Carnegie 
Inst. Wash. Year Book No. 31, pp. 1-59 (Dec. 9). (Excerpts) IV, 2587, 
2589. 

[Report of] Merriam, John C., and associates. Continuation of palzon- 
tological researches. Carnegie Inst. Wash. Year Book No. 31, pp. 326-330 
(Dec. 9). 

Foreword to pamphlet describing 1932 exhibition, Carnegie Institution of 
Washington. Exhibition representing results of research activities of the 
Carnegie Institution of Washington, December 10-12, 1932, p. 6 (Dec. 9). 
IV, 2497. 

Parks: national and state. 19 pp. Privately printed, Washington (Dec.). 
IV, 2256. 

The Felidae of Rancho La Brea. (With Chester Stock.) Carnegie Inst. 
Wash. Pub. No. 422. xvi + 231 pp., figs. 152, pls. 43 (Dec. 16). 

1933 

Spiritual values and the constructive life. (Address at conference of uni- 

versities under auspices of New York University, New York, Nov. 15-17, 
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1932.) The obligation of universities to the social order, edited by Henry 
Pratt Fairchild, pp. 317-331. New York: New York Univ. Press (Mar.). 
IV, 2051. 

[Remarks introducing Alfred Noyes.] (Conference of universities under 
auspices of New York University, New York, Nov. 15-17, 1932.) The 
obligation of universities to the social order, edited by Henry Pratt Fairchild, 
pp. 351-352. New York: New York Univ. Press (Mar.). IV, 2061. 

Evolution of society as influenced by the engineer. (Essentially full text of 
address presented at conclusion of Edison Medal presentation at winter 
convention of American Institute of Electrical Engineers, Jan. 23-27, 
1933.) Electrical Engineering (New York), vol. 52, no. 3, pp. 171-173 
(Mar. 16). IV, 2409. 

[Science and government.] (Address before Interstate Legislative Assembly, 
Washington, Feb. 4, 1933.) our. First Interstate Legislative Assembly, 
pp. 21-22 (Mar.). IV, 2476. 

Introductory remarks. (Symposium on Climatic Cycles, annual meeting of 
National Academy of Sciences, Apr. 26, 1932.) Proc. Nat. Acad. Sci., 
vol. 19, no. 3, pp. 349-350 (Mar.). III, 1828. 

Reality in adult education. Four. Adult Education, vol. 5, no. 2, pp. 141-142 
(Apr.). IV, 2443. 

Science and the constructive life. (Founder’s Day address at University of 
Virginia, Apr. 13, 1933.) Unio. Virginia Alumni News, vol. 21, no. 7, 
pp. 153-158 (Apr.). IV, 2069. 

Charts and compasses. (Commencement address at Carnegie Institute of 
Technology, Pittsburgh, June 12, 1933.) Carnegie Mag., vol. 7, no. 3, pp. 
75-80, fig. 1 (June). IV, 2078. 

Human values in natural resources. (Address before American Council on 
Education, Washington, May 5, 1933.) Educational Record (Washington), 
vol. 14, no. 3, pp. 296-300 (July); reprinted in revised and abridged form, 
National Parks Bull. (Washington), vol. 13, no. 61, pp. 5-6 (Feb. 1936). 
IV, 2294. 

Crater Lake: a study in appreciation of nature. Amer. Mag. of Art, vol. 26, 
no. 8, pp. 357-361, figs. 3, color pl. 1 (Aug.). IV, 2321. 

A brief guide to the parapet views, Sinnott Memorial, Crater Lake National 
Park. (Prepared by a committee of National Academy of Sciences and 
Carnegie Institution of Washington.) 8 pp., fig. 1. Washington: Carnegie 
Inst. Wash. IV, 2265. 

Present status of the problem of the antiquity of man in North America. 
(Abstract.) Eugenical News, vol. 18, no. 4, p. 69 (July—Aug.); Science, 
n. s., vol. 78, no. 2032, p. 524 (Dec. 8); Pan Amer. Geologist, vol. 60, no. 5, 
p. 377 (Dec.). 

Tertiary mammals from the auriferous gravels near Columbia, California. 
(With Chester Stock.) Carnegie Inst. Wash. Pub. No. 440, paper I, pp. 
1 Osehigss2m (NOvAnlo) sen DR S29: 

Report of the President of the Carnegie Institution of Washington. Carnegie 
Inst. Wash. Year Book No. 32, pp. 1-59 (Dec. 15). (Excerpts) IV, 2590, 
2595. 
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[Report of] Merriam, John C., and associates. Continuation of paleonto- 
logical researches. Carnegie Inst. Wash. Year Book No. 32, pp. 323-330 
(Dec. 15). 

The constructive element in education. Proc. Forty-seventh Ann. Convention 
Middle States Assn. Colleges and Secondary SabaO4, Dee. 1-2, 1933 (Atlantic 
City), pp. 33-39. IV, 2446. 

1934 

Conservation and evolution in a changing social program. (Address before 
American Philosophical Society, Mar. 2, 1934.) Proc. Amer. Philos. Soc., 
vol. 73, no. 5, pp. 351-370 (May). IV, 2271. 

Science and conservation. (Remarks before National Academy of Sciences, 
Washington, Apr. 24, 1934.) Sctence, n. s., vol. 79, no. 2057, pp. 496-497 
(June 1). IV, 2289. 

The responsibility of science with relation to governmental problems. (Con- 
densed report.) Berkeley Daily Gazette (June 21). 

Science and culture. (Address before 9th annual meeting of American 
Association for Adult Education, Washington, May 22, 1934.) (Abstract.) 
Four. Adult Education, vol. 6, no. 3, P- 324 (June). (Full address, from 
stenographic report) IV, 2086. 

Present status of knowledge relating to antiquity of man in America. (With 
list of references compiled by Frank H. H. Roberts, Jr.) Preprint of 
Report of XVI Internat. Geol. Cong. (Washington, 1933), pp. 1-11 (July); 
under the title “Early man in America,” with slight revisions, Carnegie 
Inst. Wash. News Service Bull., vol. 3, no. 23, pp. 183-190, figs. 11 (Aug. 11, 
1935); Report of XVI Internat. Geol. Cong. (Washington, 1933), vol. 2, pp. 
1313-1323 (1936). III, 1639. 

The inquiring mind in a changing world. (Address at 19th commencement 
convocation, Rice Institute, Houston, June 4, 1934.) Rice Inst. Pamphlet, 
vol. 21, no. 3, pp. 194-206 (July). IV, 2094. 

Scientist in an unscientific society. Sctentific Amer., vol. 151, no. 2, p. 79 
(Aug.). 

Letter addressed to William H. Welch regarding Clifford Beers and the 
work on mental hygiene. Twenty-five years after: sidelights on the mental 
hygiene movement and its founder, edited by Wilbur L. Cross, pp. 254-255. 
New York: Amer. Foundation for Mental Hygiene (Oct.). IV, 2453. 

Nature and extent of Tertiary formations immediately following the Columbia 
lava flows of the northwest. (Abstract.) Science, n. s., vol. 80, no. 2085, 
pp. 550-551 (Dec. 14). III, 1830. 

Report of the President of the Carnegie Institution of Washington. Carnegie 
Inst. Wash. Year Book No. 33, pp. 35-78 (Dec. 14). (Excerpt) IV, 2596. 

[Report of] Merriam, John C., and associates. Continuation of palzonto- 
logical researches. Carnegie Inst. Wash. Year Book No. 33, pp. 302-313 
(Dec. 14). 

Some responsibilities of science with relation to government. (Address at 
general session of American Association for the Advancement of Science, 
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Berkeley, June 20, 1934.) Science, n. s., vol. 80, no. 2087, pp. 597-601 
(Dec. 28). IV, 2480. 
1935 

An American fireside. (Radio broadcast, with Norman Hapgood and Sher- 
man Mittell, National Home Library Foundation, Washington, Jan. 20, 
1935.) Mimeographed, 10 pp. 

Foreword. Science and the public mind, by Benjamin C. Gruenberg, pp. 
v-vii. New York: McGraw-Hill. IV, 24506. 

Ultimate values of science. Carnegie Inst. Wash. Supp. Pubs., no. 15. 8 pp. 
(Aug. 15; reprinted Oct. 14). IV, 2104. 

Early man in America. Carnegie Inst. Wash. News Service Bull., vol. 3, 
no. 23, pp. 183-190, figs. 11 (Aug. 11). Reprint, with slight revisions, 
of “Present status of knowledge relating to antiquity of man in America” 
(1934). 

A review of evidence relating to the status of the problem of antiquity of man 
in Florida. (Abstract.) Science, n. s., vol. 82, no. 2118, p. 103 (Aug. 2). 
Ill, 1638. 

Remarks of the President of the Carnegie Institution of Washington before 
the Board of Trustees at the annual meeting on December 14, 1934. Printed 
by request of the Board of Trustees. Confidential edition, 29 pp. Wash- 
ington: Carnegie Inst. Wash. (Aug.). IV, 2543. 

Foreword [to first and second Elihu Root lectures]. Elihu Root lectures of 
the Carnegie Institution of Washington on the influence of science and research 
on current thought, pp. ili-v. Washington: Carnegie Inst. Wash. (Aug.). 
IV, 2454. 

Geography and history among the sciences, in research on the Americas. 
(Address before Second General Assembly, Pan American Institute of 
Geography and History, Washington, Oct. 14-19, 1935.) Mimeographed, 
12 pp. (Oct. 17); Spanish edition, mimeographed, 11 pp. See “Geography 
and history among the sciences, as influencing research in the Americas” 
(1937). 

The origin of Henry van Dyke’s poem on the Grand Canyon. “History and 
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Aelurodon, 1233 
aphobus, n. sp., 1227 
near wheeleranius Cope, 1153 
n. sp. A, 1231 
n. sp. B, 1231 
sp., 988, 1052, 1155 
American Philosophical Society Bicentenary, 
remarks on our sister societies, 2030 
Pliocene bear, 572 
Amphibians, history of, 2144 
Amphicyon, sp., 1155 
Amphicyonid, sp., 616 
Anchitheriine horses, new, from the Tertiary 
of Great Basin area, 1089 
Animal remains, modes of preservation of, 
1728 
Antelopes, Strepsicerine, in the Tertiary of 
northwestern Nevada, occurrence of, 
909 
Strepsicerine, in the Tertiary of north- 
western Nevada, related forms of in 
America, 918 
Anthropoids resembling man, geological 
history of, 1589 
Antilocapridae in Virgin Valley and Thou- 
sand Creek beds, 1030 
Antler or horn, from the Mohave Miocene of 
California, 1084 
Aphelops (?), sp., 1013 
sp. A, 1383 
sp. B, 1383 
Aplodontia alexandrae Furlong, 1002 
Aplodontidae, 1002 
Aquatic animals, distribution of, 1744 
Arboretum, National, statement regarding 
bill concerning, 2305 
Archaelurus, 513 
Arctogaeic realm, 1740 
Arctomys minor Kellogg, 1002 
nevadensis Kellogg, 1001 
Arctotherium, occurrence of, in California, 
1496 


odontology and osteology of, 1499 
short-faced bear, relationships and struc- 
ture of, from the Pleistocene of 
California, 1489 
summary of species of, in the Pleistocene 
of North America, 1494 
systematic position of, 1490 
Arizona, Yavapai Point, Grand Canyon, 
plans for educational work of philo- 
sophical character at, 2191 
Asphalt beds of Rancho La Brea, 848 


deposit near McKittrick, California, 
occurrence of Pleistocene vertebrates 
in, 1480 


at Rancho La Brea, preliminary report 
on discovery of human remains in, 
1560 
Pleistocene, of McKittrick, California, 
fauna of, 1483 
Astor Pass, near Pyramid Lake, Nevada, 
occurrence of mammalian remains in 
Pleistocene lake deposit at, 1433 
Astrodapsis Conrad, 1677 
tumidus Rémond, 1677 
Whitneyi Rémond, 1677 
Atlantic province, faunas of, 899 
Auriferous gravels near Columbia, California, 
Tertiary mammals of, 1529 
of California, correlation of, with Coast 
Range Neocene, 1671 
of California, tapir remains from, 
1403 
Aves, history of, 2146 
in Cedar Mountain region, 1374 


Mohave Desert, 1151 


“Baptanodon (Marsh), Osteology of,” re- 
view of, 194 

Baptosaurus Marsh, 54 

Barrows, David Prescott, inaguration of, 
Monday March 22, 1920, address of 
welcome to the delegates on occasion 
of the, 2368 
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Barstow fauna of Mohave Desert, 1137 
of Mohave Desert, relation of, to its 
environment, 1138 
of Mohave Desert, stage of evolution 
and relationships of, 1138 
Upper Miocene, of Mohave Desert, 
1288 
Bassariscus nevadensis, n. sp., 1377 
Bear, American Pliocene, 572 
family in western hemisphere, origin and 
history of, 1478 
gigantic, from the Pleistocene of Rancho 
La Brea, note on, 732 
hyaenarctid, from later Tertiary of John 
Day basin of Oregon, 662 
Pliocene, dentition of, 575 
occurrence of, 573 
relationships of, 591 
skeletal elements of, 583 
short-faced, Arctotherium from the Ple- 
istocene of California, relationships 
and structure of, 1489 
Beers, Clifford, and mental hygiene move- 
ment, letter to William H. Welch 
regarding, 2453 
Berkeley, California, Pliocene Castoroid ro- 
dent from near, 669 
Blastomeryx mollis, n. sp., 1025 
Bones, extinct monster, in California tar- 
swamp, 1859 
Bovid, indet., 1279 
Bovidae of Mohave Desert, 1209, 1274 
Rattlesnake and Mascall deposits, 657 
Bullia buccinoides Merriam, 1684 
n. sp., 1662 
Gray, 1684 ~ 


Calaveras skull, true story of, 1867 
California and Nevada, Triassic Ichthyop- 
terygia from, 66 
antiquity of man in, 1569, 1626 
Berkeley, Pliocene Castoroid rodent from 
near, 669 
cave explorations in, 1540 
human remains in, 1548 
Columbia, Tertiary mammals from aurif- 
erous gravels near, 1529 
correlation between marine Tertiary beds 
of San Joaquin Valley and continental 
Miocene deposits of Mohave region, 
1773 
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between the Tertiary of Great Basin 
and marginal marine province of, 1774 
geologic relations of Martinez group of, 
1763 
geology in, 1772 
Great Valley of, Pliocene and Quaternary 
canidae of the, 682 
lower Miocene fauna of, 1685 
McKittrick, fauna of Pleistocene asphalt 
deposits of, 1483 
llama from the Pleistocene of, 1484 
Pleistocene vertebrates in asphalt de- 
posit near, 1480 
middle, classification of the Neocene of, 
1670 
ground-sloths in the Quaternary of, 681 
Neocene sea-urchins of, 1663 
Tertiary sea-urchins of, 1672 
vertebrate fauna of Orindan and Siestan 
beds of, 1421 
Miocene and Pliocene of, new horses 
from, 1110, 1342 
Mohave Miocene of, horn or antler from, 
1084 
new sabre-tooth from, 695 
north Coalinga region of, Tertiary verte- 
brate faunas of, 1291 
northern, Triassic reptilia from, 61, 64 
Pleistocene of, relationships and structure 
of short-faced bear, Arctotherium, 
from, 1489 
Pliocene of, relationship of equus to 
pliohippus from, 1352 
Quaternary of, ground sloths in the, 676 
southern, Quaternary mammals in, 711 
tar-swamp, extinct monsters’ bones from, 
1859 
Tejon Hills, Chanac formation of, mam- 
malian remains from, 1460 
marine Tertiary beds in, land mammal 
remains from, 1445 
Triassic of, marine reptiles from, 131, 134, 
149 
Upper Triassic of, marine reptiles from, 
130 
new Ichthyosauria from, 113 
Camel, Pleistocene, from Rancho La Brea, 
relation to previously described forms, 
822 
from Rancho La Brea, skull and denti- 
tion of, 811 
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Camelid, indet., 1475 
near Camelops (?), 1437 
various forms of, 1079 
Camelidae, 1327, 1333 
in Cedar Mountain region, 1393 
Orindan and Siestan beds in middle 
California, 1427 
Virgin Valley and Thousand Creek 
beds, 1024 
of Mohave Desert, 1203, 1272 
Rattlesnake and Mascall deposits, 654 
Camels, extinct, from tar pool near Los 
Angeles, 1847 
Canid, Aelurodon (?), sp., 1376 
(Canis (?)), sp. small, 1151 
genus Tephrocyon, notes on, 1409 
indet., 993 
skeletal elements, indet., 1155 
small, near Canis (?) vafer Leidy, 1226 
sp., 1376 
Canidae, 985 
of John Day carnivore fauna, 533 
John Day region, 482 
Rancho La Brea, 760 
Rancho La Brea, comparison of, with 
previously known material, 788 
Pliocene, of Great Valley of California, 
682 
Quaternary, of Great Valley of California, 
Ee 
Canis andersoni Merriam, J. C., 807 
n. sp., /28 
davisi Merriam, 615 
n. sp., 988 
dirus, extremities and arches of, 783 
geological occurrence and geographical 
distribution of, 765 
history of literature on, 762 
Leidy, 761 
milk dentition of, 779 
permanent dentition of, 772 
skull of, 767 
systematic position of wolves of, 849 
vertebrae of, 780 
indianensis Leidy, 69 
latrans Say (?), 694 
milleri, n. sp., 795 
occidentalis furlongi Merriam, J. C., 798 
furlongi, n. var., 729 
ochropus orcutti Merriam, J. C., 802 
orcutti, n. sp., 727 


sp., 483 
near davisi, n. sp., 992 


Cape Blanco, Oregon, tapir remains from 


marine beds at, 1406 


Carmanah Point, Vancouver Island, list of 


species from, 1655 
occurrence of fossils on, 1654 


Carnegie Institution of Washington, 2500 


achievements of, 2557 

cooperative research of, 2555, 2563 

Department of Embryology, 2507 

Department of Genetics, 2508 

Department of Historical Research, 2522 

Department of Meridian Astrometry, 2520 

Division of Plant Biology, 2510 

Department of Terrestrial Magnetism, 
ZOD 

earthquake research of, 2571 

fellowships of, 2566 

financial provision for continuing develop- 
ment, 2568 

foreword to pamphlet describing 1932 
exhibition, 2493 

Geophysical Laboratory, 2512 

interdepartmental cooperation, 2553, 2570 

Mount Wilson Observatory, 2518 

Nutrition Laboratory, 2509 

physical science investigations of, 2603 

policy and program of, 2604 

present problems of, 2561 

program of interpretation, 2542 

public relations of, 2579 

publication channels of, 2541 

remarks of President of, before Board of 
Trustees (1934), 2539 

researches on new problems considered, 
2560 

Seismological Research Department, 2514 

seismology and human behavior projects, 
2576 

Tortugas Laboratory, 2511 

twenty-fifth anniversary of initiation of 
research in, 2494 

ultimate objectives of, 2558 


Year Book of, 2539 
Carnivora in Cedar Mountain region, 1374 


Mohave Desert, 1151, 1225 
Virgin Valley and Thousand Creek beds, 
985 
of Rattlesnake and Mascall deposits, 
615 
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Carnivora, Pleistocene, from Rancho La 
Brea, recent discoveries of, 753 
Tertiary, from John Day region, 479 
Carnivore remains, 1079 
Castoridae, 1002 
geological and geographical distribution 
of, 674 
history of, 670 
Castoroid rodent, Pliocene, near Berkeley 
California, 669 
Cat, extinct, closely allied to Felis atrox 
Leidy, occurrence and age of Rancho 
La Brea specimen of, 715 
closely allied to Felis atrox Leidy, 
affinities of, 722 
closely allied to Felis atrox Leidy, skull 
and dentition of, 714 
puma-like, from Rancho La Brea, 852 
Cave explorations in California, recent, 
1540 
of the Magic Pool, 1877 
Caves, California, human remains in, 1548 
Pleistocene faunas of, 2149 
Cedar Mountain beds, relationship of, to 
Esmeralda formation, 1366 
region, aves in, 1374 
camelidae in, 1393 
carnivora in, 1374 
equidae in, 1384 
merycodontidae in, 1396 
pisces in, 1373 
proboscidea in, 1392 
rhinocerotidae in, 1383 
rodentia in, 1379 
Tertiary vertebrate fauna from, 1362 
testudinata in, 1374 
vertebrate fauna, composition of, 1369 
Cenozoic beds, late, of Pacific Coast region, 
tapir remains from, 1403 
formations in John Day basin, strati- 
graphic succession of, 540 
Cephalopoda, evolution, 1752 
Cervid, indet., 1279 
Cervidae, 1335 
in Virgin Walley and Thousand Cree 
‘beds, 1025 rr 
of Mohave Desert, 1216 
Chalicotheridae in Virgin Valley and Thou- 
sand Creek beds, 1014 
Chamberlin, Thomas Chrowder, 2012 
Chanac formation in Tejon Hills, California, 
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composition and relationships of 
mammalian fauna of, 1465 
mammal-bearing, in Tejon Hills, Cali. 
fornia, stratigraphic position of, 
1461 
mastodontine remains in, 1466 
of Tejon Hills, California, mammalian 
remains from, 1460 
rhinocerotid remains in, 1466 
Charts and compasses, 2078 
Citellus, sp., 1002 
Clemmys, sp., 983 
Clidastes Cope, 47 
Climate, history of, 1749 
Climatic cycles, symposium on, 1828 
Cloud-bursts, some observations on, 2153 
Clypeaster (?) Brewerianus Rémond, 1676 
Lamarck, 1676 
Coalinga region, north, of California, 
Etchegoin area of, 1325 
north, of California, 
represented in, 1293 
north, of California, Jacalitos fauna of, 
1321 
north, of California, Merychippus zone 
of, 1295 
north, of California, Tertiary vertebrate 
faunas of, 1291 
Coast Range Neocene, correlation of, with 
auriferous gravels of California, 1671 
Columbia, California, auriferous gravels 
near, Tertiary mammals from, 1529 
lava, 467 
flows of northwest, Tertiary formations 
following, 1830 
River, Ellensburg formation in White 
Bluffs of, age of strata of, 1778 
White Bluffs of, faunas of, 1780 
White Bluffs of, geology of, 1783 
White Bluffs of, previous knowledge of, 
1779 
Commonwealth Club meeting on scientific 
research, remarks of chairman in 
introducing speakers, 2021 
on war time advances in science, remarks 
of chairman in introducing speakers, 
2026 
Compasses and charts, 2078 
Conservation and evolution in a changing 
social program, 2271 
science, 2289 


faunal zones 
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Contra Costa County Miocene, relation of, 
to San Pablo formation, 1667 
Crater Lake, 2321 
National Park, beauty of lake, 2269 
forming of crater, 2268 
origin of lake, 2269 
Sinnott Memorial, brief guide to the 
parapet views, 2265 
suggestions relating to purpose and 
educational program of, 2192 
Creation ended?, 1921 
Cretaceous, marine, of Oregon, Ichthyo- 
saurian from, 420 
Upper, of Wyoming, Ichthyosaur-like re- 
mains in, 193 
Cricetidae, 1003 
Cro-Magnon man, 1620 
Crustal movements, relation of, to evolution 
of animal life, 1746 
Culture and research in the university, 
common aims of, 2386 
science, 2086 
Cymbospondylus, 104, 329 
affinities of, 107 
grandis Leidy, 106 
Leidy, 104 
natans, 385 
nevadanus, 354 
nordenskidldii, 382 
petrinus, 330 
Leidy, 105 
piscosus, 352 
Leidy, 104 
polaris, 384 
Cynodictis (?) oregonensis, n. sp., 488 
Cytherea Lamarck, 1683 
Newcombei Merriam, 1683 
n. sp., 1660 
vancouverensis Merriam, 1683 
n. sp., 1661 


Daggett, Frank Slater, 2016 
Death-trap antedating Adam and Eve, 
1859 
of the ages, 1847 
Delphinosaurus, 362 
perrini, 363 
Dentition and skull of extinct cat closely 
allied to Felis atrox Leidy, 714 
skull of Ichthyosaurian from Middle 
Triassic, 393 
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skull of Pleistocene camel from Rancho 
La Brea, 811 
of Omphalosaurus, notes on, 413 
Desmostylus Marsh, dentition of, 705 
notes on genus, /02 
occurrence of, 699, 702 
skeleton of, 710 
systematic position of, 710 
near hesperus Marsh, 1305 
Dinocyon, sp., 1155 
Dipoides lecontei (Merriam, J. C.), 1430 
near tortus (Leidy), 1379 
sp., 1003 
Diprionomys magnus Kellogg, 1003 
parvus Kellogg, 1003 
Dromomeryx or Cervus (?), n. sp., 1216 
sp., 1030 
sp. 4, near borealis (Cope), 1027 
sp. 6, 1029 


Earth sciences as the background of history, 
1789 
Echinarachnius 
1680 
Gibbsi Rémond, 1679 
Leske, 1679 
Edentata of Rattlesnake 
deposits, 630 
Education, adult, reality in, 2443 
and history, 1947 
breadth of, 2062 
constructive element in, 2446 
natural phenomena as inspiration in, 2186 
Elephant, evolution of, 1754 
Elihu Root lectures, first and second, fore- 
word to, 2454 
Ellensburg formation in White Bluffs of 
Columbia River, age of strata, 1778 
Embryology, Department of, Carnegie Insti- 
tution of Washington, 2507 
Entoptychus minimus Kellogg, 1003 
Eolithic culture in human history, 1607 
problem, the—Evidences of a rude in- 
dustry antedating the Paleolithic, 
review of, 1537 
Equid limb elements, 637 
skeletal elements, 1261 
Equidae, 1004 
in Cedar Mountain region, 1384 
Oridan and Siestan beds in middle 
California, 1422 
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and Mascall 
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Equidae of Mohave Desert, 1161, 1241 
Rattlesnake and Mascall deposits, 632 
Equus, 1349 
idahoensis, n. sp., 876 
probably new, 1117 
relationship of, to pliohippus, from Plio- 
cene of California, 1352 
sp., 1013, 1329, 1437 
Esmeralda formation, relationship of, to 
Cedar Mountain beds, 1366 
Etchegoin area of north Coalinga region of 
California, 1325 
Eucastor lecontei (Merriam, J. C.), 1002 
Evolution and conservation in a changing 
social program, 2271 
of society as influenced by the engineer, 
2409 
and medicine, 2396 
Fauna of High Rock Cafion, 960 
Little High Rock Cafion, 960 
. lower Miocene in California, note on, 1685 
Pleistocene asphalt beds of McKittrick, 
California, 1483 
Rancho La Brea, 735, 760 
description of type locality, 741 
historical references to, 737 
mode of accumulation of fossil remains 
of, 746 
occurrence of, 735 
state of preservation and quantity of 
fossil remains of, 749 
Sooke beds of Vancouver Island, 1681 
Thousand Creek beds, 961 
Virgin Valley beds, 955 
Faunas, American, correlations with Old 
World faunas, 902 
time relations of, 900 
Atlantic province, 899 
evolution of, 1735 
extinct, of Mohave Desert, significance in 
study of origin and life in America, 
1280 
Great Basin province, 886, 894 
invertebrate, history of, 2141 
mammalian, of Great Basin province, 2147 
Pacific Coast province, 883 
Pleistocene caves, 2149 
Tertiary, from Vancouver Island, note 
on, 1653 
vertebrate, history of, 2144 
White Bluffs of Columbia River, 1780 
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Federal Government in research, oppor- 
tunities of, 2469 
Felid (?), indet., 1159, 1239 
limb elements, 1239 
sp. A, 1376 
large, 626 
sp. B, 1376 
small, 627 
Felidae, 999 
John Day carnivore fauna, 535 
region, 512 
Felis atrox, history of type specimen of, 
715 
Leidy, 1436 
Leidy, extinct cat closely allied to, skull 
and dentition of, 714 
atrox, variety bebbi, diagnostic characters 
of, 720 
variety bebbi, diagnostic characters of, 
722 
daggetti, n. sp., 852 
near hippolestes Merriam, C. H., 755 
sp. a, 999 
sp. 4, 1000 
Florida, antiquity of man in, 1638 
Footprints, ancient, in Grand Canyon, 1913 
Foraminifera, history of, 1751 
Forest windows, 1897 
Forestry and science, 2310 
Forests, growth and evolution of, 2277 
sequoia, preservation of, 2318 
Fossil beds, John Day, 1833 
John Day, report on expedition to, 425 
human remains of Table Mountain, 1556 
locations of, 1728 
nature of, as now interpreted, 1727 
Rancho La Brea, 2150 


Genetics, Department of, Carnegie Institu- 
tion of Washington, 2508 
Geography and history among the sciences, 
as influencing research in the 
Americas, 1970 
definitions of, by Kant, 1974 
relation of, to history, 1974 
Geologic relations of Martinez group of 
California, 1763 
scale, 1729 
Geological section through John Day basin 
433 
work of Professor Joseph Le Conte, 2003 


INDEX 


Geology, historical, teaching of, as a factor 
conditioning research, 1805 
in California, 1772 
of John Day basin, 435 
Rattlesnake and Mascall deposits, 596 
place of, among sciences, 1817 
Geomyidae, 1003 
Geophysical Laboratory, Carnegie Institu- 
tion of Washington, 2512 
Gilmore, C. W. See Review of “Osteology 
of Baptanodon (Marsh), 194 
Government and science, 2476 
development of, 2477 
some responsibilities of science with rela- 
tion to, 2480 
Grand Canyon, ancient footprints in, 1913 
Arizona, Yavapai Point, plans for educa- 
tional work of a philosophical charac- 
ter at, 2191 
Henry Van Dyke’s poem on, origin of, 
2292 
life spectacle at, 1938 
suggestions regarding educational pro- 
gram of, 2198 
unity of nature as illustrated by, 2225 
Great Basin and Pacific Coast provinces, 
Hipparion group from, 1451 
palaeontologic correlation in, 1291 
relationships of Pliocene mammalian 
faunas from, 880 
Great Basin area, Tertiary of, new anchi- 
theriine horses from, 1089 
province, faunas of, 886 
mammalian faunas of, 2147 
Tertiary of, and marginal marine 
province in California, correlation 
between, 1774 
Great Plains province, faunas of, 894 
Ground sloths in California Quaternary, 676 
in Quaternary of middle California, occur- 
rence of, 681 


Heidelberg jaw, 1604 
description of remains of, 1605 
occurrence and associated fauna of, 1604 
significance of, 1607 
Heteromyidae, 1003 
High Rock Cafion, fauna of, 960 
Hipparion (?), 1424 
anthonyi Merriam, 644 
n. sp., 867 
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condoni, n. sp., 1456 
group, new species of, from Pacific Coast 
and Great Basin provinces, 1451 
leptode Merriam, 643, 1055 
mohavense callodonte Merriam, 1245 
callodonte, n. var., 1114, 1346 
Merriam, 1242 
n. sp., 1105 
near mohavense Merriam, 1530 
(Neohipparion) leptode Merriam, 1055 
occidentale Leidy, 641, 643, 1064 
platystyle, n. sp., 1455 
Ricardo, origin of, 1251 
relationships of, 1249 
sinclairi (Wortman), 637 
sp., 1108 
sp. A., 1247 
sp. B., 1247 
stratigraphic position of, 611 
Historical Research, Department of, Car- 
negie Institution of Washington, 2522 
Historical research, international coopera- 
tion in, 1983 
History and education, 1947 
geography among the sciences, as influ- 
encing research in the Americas, 1970 
cooperative research in, 1988 
of amphibians, 2144 
aves, 2146 
invertebrate faunas, 2141 
life on Pacific Coast, significant features 
in, 2137 
mammalia, 2147 
piscae, 2144 
reptilia, 2145 
vertebrate faunas, 2144 
relation of, to geography, 1974 
time and change in, 1961 
Horn or antler, from Mohave Miocene of 
California, 1084 . 
Horses, Anchitheriine, from the Tertiary of 
Great Basin area, 1089 
evolution of, 1753 
new, from the Miocene and Pliocene of 
California, 1110, 1342 
of Rancho La Brea, 829 
comparison with Equus caballus, 842 
dentition of, 834 
relationship to Pleistocene species of 
western North America, 842 
skulls of, 832 
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Horses, Protohippine, from Tertiary beds on 
western border of Mohave Desert, 
1104 
Human affairs, application of science in, 2124 
behavior projects of Carnegie Institution 
of Washington, 2576 
history, beginnings of, read from the 
geological record, 1576, 1595, 1613 
biological position of man in, 1579 
classification of subgroups, 1580 
Cro-Magnon man in, 1620 
earliest remains discovered, 1596 
early, approaches to, 1578 
early, practical significance of studies 
in, 1632 
Eolithic culture in, 1607 
geographical distribution of man, 1581 
Neanderthal man in, 1617 
palaeontologic viewpoint of, 1755 
Pleistocene man in Europe, 1614 
Pleistocene stages in, 1613 
position of man in nature, 1588 
River Drift man in, 1617 
structural resemblance of man to higher 
animals, 1583 
migration, Panama and the problem of, 
1629 
remains, fossil, of Table Mountain, 1556 
in asphalt deposit at Rancho La Brea, 
1560 
_ in California caves, occurrence of, 1548 
prehistoric, 2151 
values and science, 2116 
in natural resources, 2294 
Hyaenarctid bear from later Tertiary of 
John Day basin of Oregon, 662 
Hyaenognathus pachyodon n. gen. and 
sp., 683 
(Porthocyon n. gen. (?)) dubius n. sp., 688 
Hypogalus, near vetus (Kellogg), 629 
Hypohippus (Drymohippus)  nevadensis 
Merriam, 1384 
. sub-gen. and n. sp., 1090 
. sub-gen. and n. sp., dentition of, 1091 
. sub-gen. and n. sp., limbs of, 1095 
. sub-gen. and n. sp., relationships of, 
1095 
n. sub-gen. and n. sp., skull of, 1091 
_ near affinis (Leidy), 1162 
osborni Gidley, 1004 
osborni Gidley, 1389 
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Ichthyopterygia, Triassic, from California 
and Nevada, 66 
from California and Nevada, forms from 
Middle Triassic of Nevada, Cymbo- 
spondylus group, 104 
from California and Nevada, forms from 
Upper Triassic of northern California, 
Shastasaurus group, 68 
Ichthyosaur-like remains in the Upper 
Cretaceous of Wyoming, occurrence 
of, 193 
Ichthyosauria, classification of, 304 
new, from the Upper Triassic of California, 
113 
from the Upper Triassic of California, 
genera and species of, 113 
from the Upper Triassic of California, 
relationships and systematic position, 
110 
origin of, 297 
systematic descriptions of, 313 
Triassic, 207 
abdominal rib plastron of, 270 
dentition of, 236 
general skeletal structure of, 228 
geologic and geographic occurrence of, 
219 
limb-arches of, 271 
limb-structure of, 
known types, 136 
limb-structure of, degree of differentia- 
tion, 138 
limb-structure of, lines of descent, 139 
limb-structure of, primitive characters, 
139 
limbs of, 281 
literature on, 213 
recent literature on, 110 
ribs of, 260 
skull of, 228 
stage of evolution of, 293 
types of limb-structure in, 136 
vertebrae of, 238 
variation in, 300 
Ichthyosaurian limb, primitive, from the 
Middle Triassic of Nevada, 145 
from the Middle Triassic, affinities of, 
393 
from the Middle Triassic, diagnostic 
characters of, 394 


characteristics of 
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from the Middle Triassic, skull and den- 
tition of, 393 
reptile from marine Cretaceous of Oregon, 
420 
Ichthyosaurs, Triassic, primitive characters 
of, 109 
types of limb structure in, 129 
Ichthyosaurus, 388 
carinatus, 389 
hectori, 390 
rheticus, 389 
sp., 391 
Idaho formation, new mammalia from, 872 
Ilingoceros, 658, 1044, 1050 
alexandrae Merriam, 1045 
n. gen. and sp., 910 
schizoceras, n. sp., 1038 
systematic position of, 916 
Indarctos, near oregonensis Merriam, Stock 
and Moody, 664 
oregonensis Merriam, Stock, and Moody, 
618 
sp., 623 
Insectivora in Virgin Valley and Thousand 
Creek beds, 984 
Invertebrate faunas, history of, 2141 
» palaeontology, history of, 1695 
Ironside, Oregon, mammalian remains from 
late Tertiary formation at, 865 
Ischyrosmilus (?) idahoensis, n. sp., 872 
Merriam, 1235 
osborni, n. sp., 1237 
Isurus, near planus (Agassiz), 1450 


Jacalitos fauna of north Coalinga region, 
California, 1321 
age of, 1324 
John Day basin, Columbia lava in, 467 
Cretaceous, Chico and Knoxville beds 
of, 445 
Eocene, Clarno formation of, 450 
geographic features of, 437 
geological section through, 433 
geology of, 435 
history of exploration of, 438 
hyaenarctid bear from the later Tertiary 
of, 662 
literature on, 440 
Mascall formation in, 469 
pre-Cretaceous formations of, 444 
Quaternary formations of, 435 
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Rattlesnake formation in, 473 
stratigraphic successions of Cenozoic 
formations in, 540 Mois 
John Day beds, classification of, 432 
carnivore fauna, age and stage of evolu- 
tion of, 533 
canidae of, 533 
felidae of, 535 
fossil beds, 1833 
report on expedition to, 425 
palaeontological classification, 550 
region, canidae of, 482 
carnivora from Tertiary formations of, 
479 
felidae of, 512 
literature on, 566 
Mascall formation of, 563 
Rattlesnake formation of, 565 
Tertiary faunas from, 539 
Series, 455 
total fauna, 551 


Kansas-Kreide, Ueber die Pythonomorphen 
der; 3 


Lagomorpha of Rattlesnake and Mascall 
| deposits, 629 
Lake Lahontan, age of, 1439 
Lama stevensi, n. sp., 1484 
Land mammals from marine Tertiary beds 
in Tejon Hills, California, 1445 
Lava flows, Columbia, Tertiary formations 
following, 1830 
Leaf, story of, 1891 
Le Conte, Joseph, geological work of, 2003 
Leporidae, 1004 
Leptocheirus, 113 
zitteli, 114 
anterior arch of, 114 
anterior limbs of, 116 
dentition of, 119 
posterior limbs of, 118 
skull of, 119 
vertebrae and ribs of, 114 
Lepus, near vetus Kellogg, 1382 
sp., 1161, 1431 
vetus Kellogg, 1004 
Lessons of the past as guides for the future, 
1934 
Life, history of, principles involved in, dis- 
cussion of, 1724 
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Limb, primitive Ichthyosaurian, from the 

Middle Triassic of Nevada, 145. 
structure, types of, in Triassic Ich- 

thyosaurs, 129, 136 

Little High Rock Cafion, fauna of, 960 . 

Llama, Pleistocene, of McKittrick, Cali- 
fornia, 1484 

Los Angeles, California, huge tar pool near, 
1847 | 

Lynx californicus fischeri, n. var., 730 


MacCurdy, George Grant. See Review of 
“The Eolithic problem—Evidences of 
a rude industry antedating the 
Paleolithic,” 1537 
Machaerodont, indet., 1159 
sp. A., 1157 
sp. B., 1159 
sp. C., 1159 
Machaerodus (?) ischyrus, n. sp., 695 
Magic Pool, cave of, 1877 
Making a living—or living, 2032 
Mammal-bearing beds, Middle Tertiary, in 
northwestern Nevada, occurrence of, 
905 
Chanac formation in Tejon Hills, Cali- 
fornia, stratigraphic position of, 1461 
Mammal beds, Tertiary, of Virgin Valley 
and Thousand Creek in northwestern 
Nevada, 920 
Tertiary, of Virgin Valley and Thousand 
Creek in northwestern Nevada, 951 
Mammalia, distribution of, 1743 
from Idaho formation, 872 
from Rancho La Brea, 727 
history of, 2147 
Mammalian fauna of Great Basin province, 
2147 
of Thousand Creek Pliocene, north- 
western Nevada, 1051 
Pliocene, from Pacific Coast and Great 
Basin provinces, relationships of, 880 
Tertiary, of Mohave Desert, 1120 
palaeontology, evidence of, relating to age 
of Lake Lahontan, 1439 
remains in Pleistocene lake deposit at 
Astor Pass, near Pyramid Lake, 
Nevada, 1433 
from Chanac formation of Tejon Hills, 
California, 1460 
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from late Tertiary formation at Ironside, 
Oregon, 865 
from marine Tertiary beds in Tejon 
Hills, California, 1445 
from Tertiary beds on Mohave Desert, 
1081 
Quaternary, of southern California, 711 
Tertiary, from auriferous gravels near 
Columbia, California, 1529 
Tertiary, in northeastern Nevada, occur- 
rence of, 1073 
Mammoths from tar pool near Los Angeles, 
1847 
Man, average, research spirit in everyday 
life of, 2376 
Cro-Magnon, 1620 
early, in America, 1639 
in southwestern United States, critical 
elements in study of, 1637 
palaeontology of, 1647 
emergence of 1595, 1576, 1613 
geological history of, 1595 
history of, American problem, 1550 
in California, antiquity of, 1569, 1626 
in Florida, antiquity of, 1638 
Neanderthal, 1617 
Pleistocene, in Europe, fluctuations in 
environment of, 1614 
River Drift, 1617 
Manix Pleistocene of Mohave Desert, 1294 
Marine beds at Cape Blanco, Oregon, tapir 
remains from, 1406 
Cretaceous of Oregon, Ichthyosaurian 
from, 420 
province, marginal, in California, correla- 
tion between the Tertiary of Great 
Basin and, 1774 
reptile, Middle Triassic, of Nevada, 196 
Triassic, of California, 131 
reptiles, 416 
Triassic, of California, 134, 149 
Upper Triassic, of California, 130 
saurian fauna, relationships of, described 
from the Triassic of Spitzbergen by 
Wiman, 403 
Tertiary beds in Tejon Hills, California, 
land mammals from, 1445 
beds of San Joaquin Valley, California 
and continental Miocene deposits of 
Mohave region, correlation between, 


1773 
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Martinez group of California, geologic rela- 
tions of, 1763 
Mascall and Rattlesnake deposits, geology 
of, 596 
formation, 469, 563 
fauna of, 615 
geologic section at type localities of, 601 
Mastodon (Tetrabelodon (?), sp.), 1018 
Mastodontine remains in Chanac formation, 
1466 
McKittrick, California, asphalt deposit near, 
Pleistocene vertebrates in, 1480 
asphalt deposits near, Pleistocene fauna 
of, 1483 
Pleistocene llama from, 1484 
Medicine and evolution of society, 2396 
Megalonchid (?), gen. and sp. indet., 630 
“Men of Old Stone Age,” review of, 1572 
Mental hygiene movement, Clifford Beers 
and, letter to William H. Welch 
regarding, 2453 
Merced formation, relation of, to San Pablo 
formation, 1668 
Meridian Astrometry, Department of, Car- 
negie Institution of Washington, 2520 
Merriam, John C., bibliography of, 2631 
Merriamia, 360 
zitteli, 360 
Merychippus, 1424 
californicus, n. sp., 1298 
intermontanus, n. sp., 1111, 1343 
Leidy, 1169 
near isonesus (Cope), 1010 
near seversus (Cope), 1010 
sp., 1077, 1389 
sumani, n. sp., 1110, 1342 
zone of north Coalinga region of California, 
composition of fauna of, 1297 
of north Coalinga region of California, 
fauna of, 1295 
of north Coalinga region of California, 
stratigraphic and palaeontologic cor- 
relation of, 1306 
Merychyus (?), sp., 1023 
Merycochoerus (?) buwaldi, n. sp,, 1199 
(Pronomotherium (?)) californicus, n. sp., 
1268 
Merycodontidae in Cedar Mountain region, 
1396 
Merycodus (?) coronatus Merriam, 1213 
near furcatus (Leidy), 1030 
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furcatus (Leidy), 1398 
near necatus Leidy, 1274, 1400, 1475 
necatus (?) Leidy, 1209 
nevadensis, n. sp., 1031 
(?), sp., 1078 
sp., 1450 
Mesocyon brachyops, n. sp., 494 
coryphaeus Cope, 493 
josephi Cope (?), 496 
Middle Tertiary mammal-bearing beds in 
northwestern Nevada, occurrence of, 
905 
Triassic of Nevada, marine reptile from, 
196 
of Nevada, primitive Ichthyosaurian 
limb from, 145 
skull and dentition of Ichthyosaurian 
from, 393 
Migration, human, Panama an. problem 
of, 1629 
Mind, change in attitude of, 2108 
inquiring, in changing world, 2094 
Mineral wealth, non-replaceable, conserving 
of, 2275 
Miocene and Pliocene of California, horses 
from, 1110, 1342 
deposits, continental, of Mohave region 
and marine Tertiary beds of San 
Joaquin Valley, California, correla- 
tion of, 1773 
lower, in California, fauna of, 1685 
Mohave, of California, horn or antler 
from, 1084 
Mixosauridae of uncertain position, 382 
Mixosaurus, 318 
(?) atavus group, 313 
cornalianus, 319 
(?) nordenskioldii (Hulke), 404 
Mohave Desert, aves in, 1151 
Barstow fauna of, 1137 
Barstow fauna of, Upper Miocene, 1288 
bovidae of, 1209, 1274 
camelidae of, 1203, 1272 
carnivora of, 1151, 1225 
cervidae of, 1216 
equidae of, 1161, 1241 
existing life of, 1126 
faunas of, their significance in study of 
evolution of life in America, 1280 
geographical situation and _ existing 
physical conditions of, 1125 
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Mohave Desert, geologic occurrence and age 
of, 1285 
geologic relations of Tertiary formations 
of, 1131 
Manix Pleistocene of, 1294 
occurrence and nomenclature of mam- 
mal beds of, 1127 
oreodontidae of, 1199, 1268 
palaeontologic materials available from, 
1136 
proboscidae of, 1161, 1240 
Ricardo fauna of, 1217 
Ricardo Pliocene of, 1290 
rodentia of, 1161, 1240 
suidae of, 1199 
Tertiary beds of, Protohippine horses 
from, 1104 
Tertiary mammalian faunas of, 1120 
Tertiary mammalian remains from, 1081 
testudinata of, 1143, 1225 
Miocene of California, horn or antler 
from, 1084 
region, continental deposits of, and marine 
Tertiary beds of San Joaquin Valley, 
California, correlation between, 1773 
Mollusca, Tertiary, new species from Van- 
couver Island, 1660 
Moropus (?), sp., 1014 
Mount Wilson Observatory, Carnegie Insti- 
tution of Washington, 2518 
Muir, John. “Save the Redwoods,” intro- 
ductory note to, 2304 
Mustela (?) buwaldi, n. sp., 1235 
furlongi, n. sp., 997 
n. sp., 625 
Mustelid (?), indet., 998 
sp., 1376 
Mustelidae, 997 
Mylagaulidae, 1002 
Mylagaulus monodon Cope, 1002 
pristinus Douglass, 1002 
(?), sp., 1379 


National Academy of Sciences, dedication 
of building, 2047 
National and State Parks, 2256 
arboretum, statement regarding bill con- 
cerning, 2305 
parks and ideals of nation, 2256 
park creed, 2177 
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geological sciences in connection with 
educational program in (1928), 2221 
inspiration and education in, 2172 
meaning of, 2223 
reports on studies of educational prob- 
lems in, 2192 
significance of certain biological features 
in educational program of (1928), 
2218 
Natural and social sciences, significance of 
border area between, 2426 
resources, 2478 
better use of, 2105 
human values in, 2294 
science as source of inspiration in educa- 
tion, 2186 
institutes for research in, 2416 
Nature, appreciation of, contribution of 
science toward, 2178 
influence of science on, 2327 
unity of, as illustrated by Grand Canyon, 
2225 
Nassa Martini, 1684 
Newcombei Merriam, 1684 
n. sp., 1661 
Neanderthal man, 1617 
Nectosaurus, arches and limbs of, 203 
skull and dentition of, 201 
Thalattosaurian genus, osteology of, 201 
vertebrae and ribs of, 203 
Neocene formations, classification of, 1663 
of middle California, classification of, 1670 
sea-urchins of middle California, distribu- 
tion of, 1663 
of middle California, occurrence and 
range of species, 1664 
Neogaeic realm, 1739 
Neohipparion, 1322, 1424 
gidleyi, n. sp., 1451 
gratum tehonense, n. subsp., 1467 
leptode, n. sp., 1453 
limb fragments of, 1471 
molle, n. sp., 1452 
near molle Merriam, 1470 
sp., 1423 
Neotragocerus lindgreni, n. sp., 875 
Nevada and California, Triassic Ichthyop- 
terygia, from, 66 
Astor Pass, near Pyramid Lake, mam- 
malian remains in Pleistocene lake 
deposit at, 1433 
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' Middle Triassic of, Ichthyosaurian limb 
from, 145 
marine reptile from, 196 
northeastern, Tertiary mammalian re- 
mains in, 1073 
Middle Tertiary mammal-bearing beds 
in, 905 
Tertiary mammal beds of Virgin Valley 
and Thousand Creek in, 920, 951 
Tertiary Strepsicerine antelopes in, 909 
Thousand Creek Pliocene, mammalian 
fauna of, 1051 
western, Cedar Mountain region, Tertiary 
vertebrate fauna from, 1362 
Nimravus, 513 
Nothocyon geismarianus, n. var. mollis, 490 
latidens Cope, 492 
lemur Cope, 491 
Notogaeic realm, 1737 
Noyes, Alfred, remarks by chairman intro- 
ducing, conference on the obligation 
of universities to the social order, 
2061 
Nutrition Laboratory, Carnegie Institution 
of Washington, 2509 


“Old Stone Age, Men of,” review of, 1572 
Omphalosaurus, dentition of, 413 
nevandus, n. gen. and sp., 196 
Ophidian remains, 982 
Oregon, eastern, Pliocene rattlesnake forma- 
tion and fauna of, 596 
Ironside, late Tertiary formation at, mam- 
malian remains from, 865 
later Tertiary of John Day basin of, 
hyaenarctid bear from, 662 
marine Cretaceous of, Ichthyosaurian 
from, 420 
Oreodontidae in Virgin Valley and Thousand 
Creek beds, 1023 
of Mohave Desert, 1199, 1268 
Orindan and Siestan beds in middle Cali- 
fornia, age of faunas from, 1431 
camelidae in, 1427 
equidae in, 1422 
plant remains in, 1431 
vertebrate faunas of, 1421 
Osborn, Henry Fairfield. See review of 
“Men of the Old Stone Age,” 1572 
“Osteology of Baptanodon (Marsh),” review 
of, 194 
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of Thalattosaurian genus Nectosaurus, 201 
Otospermophilus gidleyi n. sp., 628 


Pacific Coast and Great Basin provinces, 
correlation of, 1291 
and Great Basin provinces, new species 
of Hipparion group from, 1451 
and Great Basin provinces, relation- 
ships of Pliocene mammalian faunas 
from, 880 
province, faunas of, 883 
Palaeobotanical investigations, history of, 
1706 
Palaeolagus nevadensis Kellogg, 1004 
Palaeontological research on Pacific Coast, 
outline of progress in, 1693 
Palaeontology, definition and scope of, 1724 
development of, 1725 
invertebrate, history of, 1695 
of early man, 1647 
relation of, to classification of organisms, 
SS 
to history of man, with reference to 
American problem, 1550 
synopsis of lectures in, 1724 
vertebrate, history of, 1701 
ten years progress in, 416 
Panama and problem of human migration, 
1629 
Parahippus, compare avus (Marsh), 1009 
(?) mourning, n. sp., 1096 
n. sp., lower-cheek teeth of, 1099 
n. sp., relationships of, 1101 
n. sp., upper-cheek teeth of, 1097 
mourningi Merriam, 1165 
Parks: National and State, 2256 
opportunity and responsibility of States, 
2248, 2261 
Past as living, 1941 
Patella geometrica Merriam, 1683 
n. sp., 1661 
Linné, 1683 
Peccary remains from Rancho La Brea, 
notes on, 855 
Pelecypoda, evolution of, 1751 
Peromyscus antiquus Kellogg, 1003 
(?), sp., 1003 
Pessopteryx, 409 
Pessosaurus polaris (Hulke), 409 
Phalarodon fraasi, n. gen. and sp., 394 
Philotrox condoni, n. gen. and sp., 506 
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Piscae, history of, 2144 
in Cedar Mountain region, 1373 
Virgin Valley and Thousand Creek 
beds, 982 
Pithecanthropus, discovery of, 1596 
nature of remains of, 1598 
occurrence and associated fauna of, 1597 
reconstruction of, 1603 
systematic position of, 1601 
Plant Biology, Division of, Carnegie Institu- 
tion of Washington, 2510 
remains in Orindan and Siestan beds in 
middle California, 1431 
modes of preservation of, 1728 
Platecarpus Cope, 37 
Platygonus, possibly n. sp. or n. subsp., 856 
n. sp. or n. subsp., dentition of, 859 
n. sp. or n. subsp., limb elements of, 862 
n. sp. or n. subsp., skull of, 856 
(?) Platygonus rex Marsh, 653 
Pleistocene asphalt deposits of McKittrick, 
California, fauna of, 1483 
caves, faunas of, 2149 
lake deposit at Astor Pass, near Pyramid 
Lake, Nevada, mammalian remains 
in, 1433 
man in Europe, fluctuations in environ- 
ment of, 1614 
of California, llama from, 1484 
of California, relationships and structure 
of short-faced bear, Arctotherium, 
from, 1489 
of Rancho La Brea, camel from, 822 
of Rancho La Brea, camel from, skull and 
dentition of, 811 
of Rancho La Brea, carnivora in, 753 
of Rancho La Brea, gigantic bear from, 732 
stages in human history, 1613 
vertebrates in asphalt deposit near Mc- 
Kittrick, California, 1480 
Pliauchenia, 1531 
(?), sp., 1396, 1429 
Pliocene and Miocene of California, horses 
from, 1110, 1342 
and Quaternary canidae of Great Valley, 
California, 682 
bear, American, 572 
dentition of, 575 
occurrence of, 573 
relationships of, 591 
skeletal elements of, 583 
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mammalian faunas from Pacific Coast 
and Great Basin provinces, relation- 
ships of, 880 
near Berkeley, California, Castoroid ro- 
dent from, 669 
of California, relationship of equus to 
pliohippus suggested by new species 
from, 1352 
of Thousand Creek, Nevada, mammalian 
fauna of, 1051 
rattlesnake formation and fauna of eastern 
Oregon, 596 
Pliohippus, 1321, 1349 
coalingensis (Merriam), 1325 
zone, 1325 
fairbanksi Merriam, 1257 
n. sp., 1116, 1348 
milk dentition of, 635, 1259 
near fairbanksi Merriam, 1053 
probably new, 1117 
proversus, n. sp., 1353 
relationship of, to equus, suggested by 
new species from the Pliocene of 
California, 1352 
(?), sp., 1011, 1197 
sp. A, near mirabilis (Leidy), 1259 
spectans (Cope), 632 
tantalus Merriam, 1254 
Pogonodon davisi, n. sp., 528 
Pools that reflect the past, 1887 
President’s Annual Reports, excerpts from 
the, 2560 
Probassariscus antiquus matthewi, n. gen. 
and n. var., 995 
Proboscidea in Cedar Mountain region, 
1392 
in Virgin Valley and Thousand Creek 
beds, 1018 
of Mohave Desert, 1161, 1240 
of Rattlesnake and Mascall deposits, 632 
Proboscidean remains, 632, 1331 
tooth fragment in Tejon Hills, California, 
1450 
Procamelus, 1531 
near gracilis Leidy, 1393 
(?), sp., 1303, 1427 
Procyonidae, 995 
Prosthennops, 1475 
(?) sp., 649, 1019, 1303, 1425 
Protohippine (?) astragalus, 1425 
forms in Tejon Hills, California, 1447 
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horses from Tertiary beds of Mohave 
Desert, 1104 
Protohippus, 1321 
sp., 1327 
(?) sp., 1391 
(?) tantalus, n. sp., 1108 
tehonensis Merriam, 1473 
n. sp., 1112, 1344 
Pseudaelurus (?), sp., 1052 
Puma-like cat from Rancho La Brea, 852 
Pythonomorphen der Kansas-Kreide, Allge- 
meine Beschreibung, 9 
Geschichtliches, 6 
systematische Stellung, 17 
Ueber die, 3 
Verwandtschaft der Mosasauridae, 17 


Quaternary and Pliocene canidae of Great 
Valley of California, 682 
formations in John Day basin, 435 
mammals of southern California, recent 
discoveries of, 711 
of California, ground sloths in, 676 
middle California, ground sloths in, 681 


Rancho La Brea, asphalt beds of, 848 
beds, nature and origin of, 743 
canidae of, 760 
comparison of, with previously known 
material, 788 
fauna of, 735, 741, 760 
historical references to, 737 
mode of accumulation of fossil remains 
of, 746 
state of preservation and quantity of 
fossil remains of, 749 
fossils of, 2150 
horses of, 829 
comparison with Equus caballus, 842 
dentition of, 834 
relationship to Pleistocene species of 
western North America, 842 
skulls from, 832 
human remains in asphalt deposit at, 1560 
mammalia from, 727 
peccary remains from, 855 
Pleistocene bear from, 732 
camel from, relation to previously de- 
scribed forms from North America, 
822 
camel from, skull and dentition of, 811 
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carnivora of, 753 
puma-like cat from, 852 
Rattlesnake and Mascall deposits, geology of, 
596 
fauna, age and relationships of, 613 
formation, 473, 565 | 
and fauna, Pleistocene, of eastern 
Oregon, 596 
fauna of, 615 
geologic relations of, 606 
geologic section at type localities of, 
601 
Recreation, educational values of, 2244 
responsibility of Federal and State 
governments for, 2165 
Reptile, Ichthyosaurian, from the marine 
Cretacious of Oregon, 420 
marine, from the Middle Triassic of 
Nevada, 196 
from the Triassic of California, 131, 
134, 149 
from the Upper Triassic of California, 
130 
Reptilia, history of, 2145 
in Virgin Valley and Thousand Creek 
beds, 982 
Triassic, from northern California, 64 
Reptilian remains from the Triassic of 
northern California, 61 
Reptiles, marine, 416 
Research and culture in the University, 
common aims of, 2386 
and organization of knowledge, relation 
between, 2625 
contributions of, 2353, 2527 
creative activity through, 2526 
importance of, 2524 
in Carnegie Institution of Washington, 
twenty-fifth anniversary of, 2494 
progress of next generation, place of, 
2435 
institutes for, in natural sciences, 2416 
interpretation of results of, 2527 
methods of promotion of, 2459 
on new problems considered, 2560 
opportunities of Federal Government in, 
2469 
Rhinocerotid, indet., 871 
remains in Chanac formation, 1466 
tooth fragment in Tejon Hills, California, 
1450 


2668 
Rhinocerotidae in Cedar Mountain region, 
1383 
Virgin Walley and Thousand Creek 
beds, 1013 


of Rattlesnake and Mascall deposits, 646 
Ricardo fauna of Mohave Desert, 1217 
of Mohave Desert, relation of, to it’s 
environment, 1217 
of Mohave Desert, stage of evolution 
and relationships of, 1218 
hipparions, origin of, 1251 
relationships of, 1249 
Pliocene of Mohave Desert, 1290 
River Drift man, 1617 
Rodentia in Virgin Valley and Thousand 
Creek beds, 1001 
of Cedar Mountain region, 1379 
Mohave Desert, 1161, 1240 
Rattlesnake and Mascall deposits, 627 


Sabre-tooth from California, 695 
‘tigers in tar pool near Los Angeles, 1847 
San Joaquin Valley, California, marine 
Tertiary beds of, and continental 
Miocene deposits of Mohave region, 
correlation between, 1773 
San Pablo formation, 1666 
age of, 1668 
faunal and lithological characters of, 1666 
geologic relations of, 1666 
relation of, to Contra Costa County Mio- 
cene, 1667 
relation of, to Merced formation, 1668 
Saurian marine fauna, relationships of, 
described from the Triassic of Spitz- 
bergen by Wiman, 403 
“Save the Redwoods,” by John Muir, intro- 
ductory note to, 2304 
Schizaster Agassiz, 1675 
Le Contei, sp. nov., 1675 
Science and city trees, 2241 
conservation, 2289 
constructive life, 2069 
culture, 2086 
forestry, 2310 
Government, 2476 
human values, 2116 
the Public Mind, foreword to, 2456 
contribution of, toward appreciation of 
nature, 2178 
in human affairs, application of, 2124 
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influence of, on appreciation of nature, 
2327 
relation of, to technological trends, 2490 
responsibilities of, with relation to Govern- 
ment, 2480 
Service Round-Table Conference, remarks 
at, 2045 
ultimate values of, 2104 
Sciuridae, 1001 
Scutella Gabbi Rémond, 1678 
interlineata Stimpson, 1678 
Lamarck, 1678 
Sea-urchins, Neocene, of middle California, 
occurrence and range of species, 1664 
of middle California, distribution of, 1663 
Tertiary, of middle California, 1672 
of middle California, description of, 1675 
of middle California, history and rela- 
tionships of, 1672 
Seismological Research Department, Car- 
negie Institution of Washington, 2514 
progress in, 1821 
projects of Carnegie Institution of Wash- 
ington, 2576 
Sequoia forests, preservation of, 2318 
Shastasaurus, 71, 369 
affinities and classification of, 87 
alexandrae, 376 
n. sp., 97 
altispinus, 378 
n. sp., 100 
arches of, 78 
careyi, 379 
n. sp., 98 
dentition of, 81, 86 
description of species of, 90 
distribution and synonymy of, 88 
occurrence of, 68 
osmonti, 371 
n. sp., 94 
pacificus, 376 
Merriam, 102 
perrini n. sp., 90 
vertebrae and ribs of, 71 
Shelley and men of science, 2299 
Siestan and Orindan beds in middle Cali- 
fornia, age of faunas from, 1431 
camelidae in, 1427 
equidae in, 1422 
plant remains in, 1431 
vertebrate fauna of, 1421 
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Sigmogomphius Le Contei, 669 
comparison with other Castoroid genera, 
673 
description of, 671 
Sinnott Memorial, Crater Lake National 
Park, brief guide to parapet views, 
2265 
Skull and dentition of Pleistocene camel 
from Rancho La Brea, 811 
dentition of extinct cat closely allied to 
Felis atrox Leidy, 714 
dentition of Ichthyosaurian from the 
Middle Triassic, 393 
Calaveras, true story of, 1867 
Sloths, giant, from tar pool near Los Angeles, 
~ 1847 
Smithsonian Institution, problem of, 2465 
Social and natural sciences, significance of 
border between, 2426 
program, changing, conservation 
evolution in, 2271 
Society and medicine, 2396 
evolution of, as influenced by the engi- 
neer, 2409 
Soil, maintaining values of, 2276 
Sooke beds of Vancouver Island, fauna of, 
1681 
District, Vancouver Island, age and rela- 
tionship of fauna from, 1657 
Sphenophalos, 1044 
nevadanus Merriam, 1032, 1069 
n. gen. and sp., 915 
sp., 657, 658 
systematic position of, 916 
Spiritual leadership, search for, 2039 
values and constructive life, 2051 
Spitzbergen, Triassic of, relationships of 
marine saurian fauna of, described 
by Wiman, 403 
State agencies of university publication, 2341 
and National Parks, 2256 
Strata, age of, in Ellensburg formation, 
White Bluffs of Columbia River, 1778 
Strepsicerine antelopes in the Tertiary of 
northwestern Nevada, related forms 
of, in America, 918 
in the Tertiary of northwestern Nevada, 
occurrence of, 909 
Suidae, 1327, 1333 
in Virgin Valley and Thousand Creek 
beds, 1019 
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of Mohave Desert, 1199 
Rattlesnake and Mascall deposits, 649 


Table Mountain, fossil human remains from, 
1556 
Tapir remains from auriferous gravels of 
California, 1403 
from late Cenozoic beds of Pacific 
Coast region, 1403 
from marine beds at Cape Blanco, Ore- 
gon, 1406 
Tar pool, huge, near Los Angeles, sabre- 
tooth tigers, giant sloths, mammoths, 
monster wolves, extinct camels, held 
fast in a, 1847 
Tar-swamp, Californian, extinct monster 
bones from, 1859 
Technological trends, relation of science to, 
2490 
Tejon Hills, California, Chanac formation 
in, composition and relationships of 
mammalian fauna of, 1465 
Chanac formation in, mammalian remains 
from, 1460 
Chanac formation in, stratigraphic posi- 
tion of, 1461 
land mammal remains from marine Ter- 
tiary beds in, 1445 
protohippine forms in, 1447 
rhinocerotid or proboscidean tooth frag- 
ment in, 1450 
Teloceras fossiger (Cope), 1065 
near fossiger (Cope), 646 
sp., 1013 
Temnocyon altigenis Cope, 498 
Tephrocyon, 1409 
Canid genus, notes on, 1409 
compare rurestris (Condon), 988 
hippophagus Matthew and Cook, 1412 
kelloggi Merriam, J. C., 1416 
kelloggi, n. sp., 985 
near kelloggi Merriam, 1375 
kelloggi, n. sp., 988 
temerarius (Leidy), 1151 
relationships of, 1420 
rurestris Condon, 484, 1411 
sp. 2, 988 
sp. A, 1231 
sp. B, 1231 
sp. C, 1233 


2670 


Tephrocyon, sp. D, 1233 
temerarius (Leidy), 1412 
Terrestrial Magnetism, Department of, 
Carnegie Institution of Washington, 
2515 
Tertiary beds, marine, in Tejon Hills, Cali- 
fornia, land mammal remains from, 
1445 
marine, of San Joaquin Valley, California 
and continental Miocene deposits of 
Mohave region, correlation between, 
1773 
of Mohave Desert, mammalian remains 
from, 1081 
of Mohave Desert, Protohippine horses 
from, 1104 
faunas from Vancouver Island, 1653 
of John Day region, 539 
formation following Columbia lava flows, 
1830 
late, at Ironside, Oregon, mammalian 
remains from, 865 
of John Day basin, hyaenarctid bear 
from, 662 
of John Day region, carnivora from, 
479 
mammal beds of Virgin Valley and Thou- 
sand Creek in northwestern Nevada, 
920, 951 
mammalian faunas of Mohave Desert, 
1120 
remains in northeastern Nevada, occur- 
rence of, 1073 
mammals from auriferous gravels near 
Columbia, California, 1529 
Middle, mammal-bearing beds in north- 
western Nevada, occurrence of, 905 
mollusca from Vancouver Island, 1660 
of northwestern Nevada, Strepsicerine 
antelopes in, 909 
Great Basin and marginal marine 
province in California, correlation 
between, 1774 
Great Basin area, Anchitheriine horses 
from, 1089 
sea-urchins of middle California, 1672 
of middle California, description of, 1675 
of middle California, history and rela- 
tionships of, 1672 
vertebrate faunas from Cedar Mountain 
region of Nevada, 1362 
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faunas of north Coalinga region of 
California, 1291 
Testudinata, 1225 
in Cedar Mountain region, 1374 
of Mohave Desert, 1143, 1225 
Testudinate remains, 1336 
Testudo mohavense, n. sp., 1144 
Tetrabelodon (?), sp., 870, 1240, 1305, 1392, 
1429 
Thalattosauria, 149 
affinities of, 175 
comparison with similar or related types, 
175 
dentition of, 166 
general skeletal structure of, 156 
generic and specific characterizations of, 
186 
habitat, locomotion, food of, 173 
limbs and girdles of, 170 
occurrence and age of, 154 
ordinal and family characters of, 153 
ribs of, 170 
skull of, 156 
vertebrae of, 168 
Thalattosaurian genus Nectosaurus, osteol- 
ogy of, 201 
Thalattosaurus alexandrae, n. gen. n. sp., 
130, 133 
Thinohyus (?), sp., 1022 
Thousand Creek and Virgin Valley beds, 
general correlation of, 970 
in northwestern Nevada, High Rock 
Cafion exposures, 947 
Pine Forest Range, 927 
Pueblo Range section, 924 
Tertiary mammal beds of, 920, 951 
Tertiary mammal beds of, general 
physical features of, 922 
Tertiary mammal beds of, geologic 
features of, 923 
Thousand Creeks beds, 940 
Virgin Valley section, 928 
beds, antilocapridae in, 1030 
camelidae in, 1024 
carnivora in, 985 
cervidae in, 1025 
chalicotheridae in, 1014 
fauna of, 961 
insectivora in, 984 
oreodontidae in, 1023 
pisces in, 982 
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proboscidea in, 1018 
reptilia in, 982 
rhinocerotidae in, 1013 
rodentia in, 1001 
suidae in, 1019 
ungulata in, 1004 
Pliocene, northwestern Nevada, mam- 
malian fauna of, 1051 
Tigers from tar pool near Los Angeles, 1847 
Time, abyss in, 1904 
Tooth fragment, proboscidean, in Tejon 
Hills, California, 1450 
rhinocerotid, in Tejon Hills, California, 
1450 
Toretocnemus, 120, 358 
californicus, 120, 358 
anterior limbs of, 123 
posterior arch of, 121 
posterior limbs of, 122 
vertebrae and ribs of, 120 
Tortugas Laboratory, Carnegie Institution 
of Washington, 2511 
Tragoceras (?), 1050 
Trees in, architecture of Washington, 2236 
city, science and, 2241 
Tremarctinae, origin of, 1493 
Triassic Ichthyopterygia from California 
and Nevada, 66 
from California and Nevada, forms 
from Middle Triassic of Nevada, 
Cymbospondylus group, 104 
from California and Nevada, forms from 
Upper Triassic of northern California, 
Shastasaurus group, 68 
Ichthyosauria, 207 
abdominal rib plastron of, 270 
dentition of, 236 
general skeletal structure of, 228 
geologic and geographic occurrence of, 
219 
limb-arches of, 271 
limb-structure of, 
known types, 136 
limb-structure of, degree of differentia- 
tion, 138 
limb-structure of, lines of descent, 139 
limb-structure of, primitive characters, 
139 
limb-structure of, types 129, 136 
limbs of, 281 
literature on, 110, 213 


characteristics of 
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primitive characters of, 109 
ribs of, 260 
skull of, 228 
stage of evolution of, 293 
vertebrae of, 238 
Middle, of Nevada, Ichthyosaurian limb 
from, 145 
of Nevada, marine reptile from, 196 
skull and dentition of Ichthyosaurian 
from, 393 
of California, marine reptiles from, 131, 
134, 149 
reptile remains from, 61 
of Spitzbergen, relationships of marine 
saurian fauna from, described by 
Wiman, 403 
reptilia from northern California, 64 
Upper, of California, marine reptiles from, 
130 
of California, Ichthyosauria from, 113 
Turritella diversilineata, n. sp., 1661 
Tylosaurus Marsh, 21 
der Schadel, 25 
die Extremitaten, 24 
die Wirbelsaule, 22 


Ueber die Pythonomorphen der Kansas- 
Kreide, 3 
Ungulata in Virgin Valley and Thousand 
Creek beds, 1004 
United States, early man in, 1637 
University publications, State agencies of, 
2341 
Upper Cretaceous of Wyoming, Ichthyosaur- 
like remains in, 193 
Triassic of California, Ichthyosauria from, 
113 
of California, marine reptiles from, 
130 
Urocyon californicus Mearns, 809 
Ursid, sp., 616 
Ursidae (?), 997 
Ursus, sp., 753, 997 


Van Dyke’s (Henry) poem on Grand Can- 
yon, origin of, 2292 
Vancouver Island, Tertiary faunas from, 
1653 
mollusca from, 1660 
Sooke beds of, fauna from, 1681 
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Vertebrate fauna of Orindan and Siestan 
beds in middle California, 1421 
history of, 2144 
Tertiary, of Cedar Mountain region of 
Nevada, 1362 
Tertiary, of north Coalinga region of 
California, 1291 
palaeontology, history of, 1701 
ten years progress in, 416 
Vertebrates, Pleistocene, in asphalt deposit 
near McKittrick, California, 1480 
Virgin Valley and Thousand Creek beds, 
general correlation of, 970 
in northwestern Nevada, High Rock 
Cafion exposures, 947 
Pine Forest Range, 927 
Pueblo Range section, 924 
Tertiary mammal beds of, 920, 951. 
Tertiary mammal beds of, general 
physical features of, 922 
Tertiary mammal beds of, geologic 
features of, 923 
Thousand Creek beds, 940 « 
Virgin Valley section, 928 
beds, antilocapridae in, 1030 
camelidae in, 1024 
carnivora in, 985 
cervidae in, 1025 
chalicotheridae in, 1014 
fauna of, 955 
insectivora in, 984 
oreodontidae in, 1023 
pisces in, 982 
proboscidea in, 1018 
reptilia in, 982 
rhinocerotidae in, 1013 
rodentia in, 1001 
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suidae in, 1019 
ungulata in, 1004 


Walcott, Charles D., as a palaeontologist, 
and his relations with the Carnegie 
Institution of Washington, 2007 

Wartime advances in science, Common- 
wealth Club meeting on, remarks of 
chairman in introducing speakers, 
2026 

Washington, trees in architecture of, 2236 

Welch, William H., letter to, regarding 
Clifford Beers and mental hygiene 
movement, 2453 

White Bluffs of Columbia River, age of 
strata in Ellensburg formation of, 
1778 

faunas of, 1780. 
geology of, 1783 
previous knowledge of, 1779 
Wild life, protection and evolution of, 2278 
recreational, economic, and _ scientific 
values of, 2156 

Wolves, monster, from tar pool near Los 

Angeles, 1847 
of Canis duris group, systematic position 
of, 849 

World, changing, inquiring mind in, 2094 

Wyoming, Upper Cretaceous of, Ichthyo- 
saur-like remains in, 193 


Yavapai Point, Grand Canyon, Arizona, 
educational work of philosophical 
character at, 2191 

Yosemite National Park, purpose 
function of, (1929), 2211 
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